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Floating The chief novelty of the 
Lock Gates Keokuk locks, described in 


detail on page 88, is the 
floating gates, one of which is also used as 
an entrance caisson for the drydock. Air- 
operated lock gates raised by a buoyancy 
chamber are not unusual in Europe, but most 
of these gates are hinged at the bottom. The 
Keokuk gate, however, owing to the favorable 
condition offered by the deep power-plant 
forebay, rises and falls vertically, and carries 
on its 110-ft. clear span a standard-gage rail- 
road track, affording access to the power 
house. The gate, therefore, is in reality a 
truss bridge with a skin plate on the down- 
stream truss for waterproofing purposes. Thie 
details of the structure have been very well 
worked out and the gates have operated satis- 
factorily. 


That) San, Franciseo © has 
profited well by the severe 
fire lesson of 1906 is evident 
from the article on page 107, describing the 
new fire-protection system, in which the 
chief departure is the use of underground re- 
inforced-concrete cisterns, independent of any 
direct connection with the principal system. 
The primary and chief reliance is upon a net- 
work of high-pressure mains served by a num- 
ber of reservoirs and two pumping stations, 
all of which follow in design the same general 
lines as other installations of a similar nature. 
However, there was one special danger to be 
guarded against that did not require consider- 
ation in other American high-pressure sys- 
tems, namely, damage by earthquake shocks. 
For this reason special investigations were 
made to find a type of joint best suited to 
withstand the racking of earthquake disturb- 
ances and, in addition, an auxiliary system 
was deemed advisable to supplement the high- 
pressure network in case it should be dam- 
aged by seismic movements. This auxiliary 
system consists of the cisterns referred to. 
They are monolithic and without piping con- 
nections, so that they can be moved by a con- 
vulsion independently of the surroundings. 
That they give promise of sufficient stability 
to resist slight disturbances is indicated by the 
experience related-in the article, in which one 
of them was floated during a storm and settled 
back on its bed without injury. 


Cisterns for 
Fire Protection 


And the Public 
Pays the Bill 


When the. Newlands arbitra- 
tion bill was rushed through 
Congress and signed by the 
President last week it was hoped that peace 
would at once be established between the rail- 
roads and their employees and that nothing 
remained to be done but to select the mediat- 
ors and to proceed to an amicable adjustment 
of the controversy. Since no fair and final 
adjudication could be made without a thor- 
ough analysis of the working conditions and 
the services rendered, the managers cited a 
number of grievances’ that they desired to 
have included in the investigation. The result 
was exactly what might have been expected— 
a demand by the brotherhoods that the rail- 
roads recede from their position and that the 
old game of “heads we win, tails you lose,” be 
played in the same old way, with nothing for 
the employees to lose but everything to gain. 
Leaving aside any understanding, recorded or 
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implied, which preceded the passage of the 
Newlands bill, it is certainly politic on the 
part of the conductors and trainmen in the 
present juncture to take the large view of the 
question, to have the whole matter gone over 
thoroughly and a decision, whether entirely 
favorable to them or not, rendered on the 
facts. The difficulty is that the brotherhoods 
feel that their fight is with the railroads alone 
and that the two contestants can go out in the 
lot and “have it out” regardless of any third 
party. In fact, the third party, when consid- 
ered at all, is relied upon to use its influence 
to whip the railroads into line. Nevertheless, 
the temper of the third party—the public—is 
changing, for the public pays the bills and 
before long will demand that its rights be 
respected even if that should require the regu- 
lation of the employees even as the railroads 
are now regulated. While apparently the 
unions have a tight grasp upon Congress, as 
was evidenced by the passage of the labor 
immunity rider in the sundry civil bill, the 
representatives at Washington have their ears 
close to the ground and will be quick to catch 
the louder rumbling that will come from the 
general public. In the interests of a fair and 
final settlement, under present conditions, it 
is hoped that the brotherhoods will consent to 
a sweeping investigation and not merely to the 
arbitration of their “grievances.” The rights 
of the public demand that both sides forego 
formalities and open the way for a settlement 
of the entire controversy strictly on its merits. 
As a final word, it is not amiss to point out 
that the railroads in the past few years when 
strikes were threatened have given far more 
consideration to the rights of the public than 
have the employees. 


The Fnd of 
the Job 


The final stages of a large 
undertaking bring with them 
a certain element of regret 
as the engineers and field superintendents 
begin to see the ruthless dismantling of 
machinery and equipment in which during the 
days of mighty accomplishment they took so 
much pride. Still there is a lot of satisfaction 
in seeing all parts of the work dovetail to- 
gether and observing the tuning-up process 
which tests the pet theories and moot questions 
discussed over the drafting board and in the 
field. It is then that the men begin to get 
anxious for the next undertaking, for larger 
problems, to which they will bring added expe- 
rience and still newer ideas. The construction 
work of the Mississippi River Power Com- 
pany is practically at an end and on page 88 
is a description of the last large hydraulic 
feature. On any great undertaking many 
more articles of interest and value could be 
written than it is possible to print, but this 
journal has endeavored to follow the Keokuk 
work step by step from inception to comple- 
tion because of the widespread interest shown, 
the many new construction methods brought 
out and the numerous advances in the design 
of hydraulic structures and equipment. It is 
timely to mention that the chief engineer 
and his assistants, who have not only designed 
but also built the plant, have given the tech- 
nical and local press unlimited opportunity to 
obtain information at every stage in the prog- 
ress of the work. This policy has enabled 
engineers to follow it practically as fast 


as construction proceeded. Undoubtedly the 
interest thus aroused has brought numerous 
persons to the work for a personal inspec- 
tion. Had all data been withheld until the 
plant was finished to “see if it would work” 
there would have been a series of scrambled 
articles presented for the reader’s review 
extended to such a length that he would likely 
have placed the paper aside to read when he 
had more time—a northern man’s way of 
Saying mafiana. The present tense always 
makes better and more interesting sentence 
construction than the past. The Engineering 
Record is of the opinion, too, that the liberal 
way in which the layman has been made ac- 
quainted with the details of construction at 
Keokuk tends to raise the estimation of the 
engineering profession in the mind of the 
public. Looking backward it is of interest to 
note that 10,000 carloads of machinery and 
supplies have been distributed to their. final 
location. More than two thousand six hun- 
dred drawings have been made, and the 
designs called for built into a pulsing, endur- 
ing monument to the courage and ability of 
the men behind the project. The original 
schedule called for power to be delivered in 
June, and on July 1 during the rush hours over 
two-thirds of the street cars in St. Louis were 
getting Keokuk power. “Finished on time” is, 
therefore, the final word—another tribute to 
the organizing ability of Mr. Cooper and his 
assistants. 


Water-Waste 
Prevention 


Using all the water available 
is the practice in which not 
a few communities indulge 
every summer. It is estimated that Chicago 
wastes 50 per cent of the water pumped, by 
contrast with which the 17 per cent waste in 
Milwaukee is of interest. Salt Lake City is 
using at times all the water the conduits can 
supply, over 400 gal. per capita, and still there 
is so little co-operation between the water and 
street departments that the former is unable 
to prevent the constant flushing and continual 
flow of water in the gutters that would lead 
one to believe that in Salt Lake City at least 
water must be as “free as air.” In Terre Haute 
the water company combats wanton waste by 
well-worded advertisements in the local 
papers, in every issue of which new lines of 
thought are expressed. One notice, headed 
“The Public Be Pleased,” gives the idea that 
the majority of the consumers use water in 
a proper manner, that it is necessary to use 
a great deal of water in hot weather, that a 
comparatively few wasteful and careless per- 
sons must be restrained and that the company 
must, in its endeavors to please the general 
public, curb the unusually improvident. In 
more than one Western city it has long been 
the policy not to attempt to curtail the use of 
water as long as there was an overabundance 
available, so that in Denver, for instance, the 
maximum consumption often runs above 300 
gal. per capita. The overtaxing of supplies 
often leads to entirely erroneous ideas. At 
Minneapolis, for example, when the conduits 
were taxed to their capacity little mention was 
made of waste, but undue emphasis was laid 
on the inadequacy of the new filter plant and 
on the need of immediate extensions. There 
have been popular campaigns against waste in 
a number of cities, but there is still room for 
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additional active work. The Terre Haute 
method is a good one. Where the supplies 
are owned by the community help can always 
be secured trom the local press. Jn many 
cities there exist municipal newspapers in 
which the space now given up to uninteresting 
tables of “water permits issued” might well 
be used to tell a few facts about water-waste 
prevention. Dry statistics are not read and 
are always accessible in better form in the 
waterworks office to the few people who 
have use for them. Mr. L. E. McGann, com- 
missioner of public works of Chicago, pro- 
poses to curtail waste by reducing meter rates 
and thus popularizing the use of meters. At 
present the metered services consume only 24 
per cent of the water pumped, but pay 46 per 
cent of the revenue. Discussion in technical 
societies and in engineering journals has been 
carried on to such an extent that there can be 
few waterworks officials who remain to be 
convinced of the necessity for water-waste 
prevention. General public education must fol- 
low, and waterworks men must furnish the 
educational literature, or at least the data on 
which it is based. 


New York’s Smoke Ordinance 


The Court of Special Sessions of New York 
City, in the case of the State against the 
New York Edison Company, has decided that 
the provision of the sanitary code of the 
Board of Health prohibiting the discharge of 
“dense smoke” from buildings, vessels, sta- 
tionary or locomotive engines within the city 
limits is “unreasonable and arbitrary because 
of its unqualified and sweeping character, con- 
demning as a nuisance a thing that may or 
may not be a nuisance, and because it makes 
no provision for cases where compliance is 
impossible.” The court further states that 
the present ordinance, prohibiting, as it does, 
the emission of dense smoke, irrespective of 
reasonable definitions, limitations and qualifi- 
cations, is a restriction upon the use of pri- 
vate property and repugnant to the provisions 
of the Federal and state constitutions, that no 
person shall be deprived of his liberty or 
property without due process of law. 

Such an outcome was to have been expected 
under the city’s present regulations governing 
the production of smoke, for who is there to 
draw the line between “dense” smoke and 
smoke that is not “dense” unless there be 
some definite basis by which the density of 
smoke may be measured? The intent of the 
sanitary code is excellent, but its wording is 
unfortunate in not defining the term “dense 
smoke” and in not recognizing that a reason- 
able production of smoke is essential to the 
conduct of industrial enterprises. The rul- 
ing of the court, therefore, makes the section 
of the sanitary code as it now stands void 
and inoperative. It is, perhaps, just as well 
for New York that such is the outcome of the 
case, for now the city may look forward to a 
revision of its rules and the passage of a 
workable ordinance. 

It is interesting at this time to reflect that 
Boston in 1910 was confronted with a prob- 
lem similar to the one which New York must 
now solve. The Boston ordinance contained 
a “dark or dense-gray-smoke” joker, and it 
was not until the Massachusetts Legislature 
provided for the classification of smoke densi- 
ties by means of the Ringlemann smoke chart 
and permitted the emission of dense smoke 
for certain brief periods at definite intervals 
that the regulation of the smoke nuisance 
could be carried out effectively. Such a law as 
this, instead of the present one, is what New 


York needs. In fact the promise of a new 
ordinance is the silver lining in the sooty 
cloud which seemingly is rolling onward to 
envelop New York since the ban on smoke 
has been temporarily lifted. 


Improvements on the Louisville ¢& 
Nashville Railroad 


On page 97 is the first of a series of articles 
on the extensive work on the Louisville & 
Nashville Railroad. This is one of the most 
important grade-revision programs under way 
in the United States, and is probably the larg- 
est ever undertaken in the South. As the 
article states, the work consists of two inde- 
pendent programs—the main-line work in 
Tennessee and Alabama and the branch-line 
improvements in Eastern Kentucky. Although 
some of the heaviest work is in the Kentucky 
section, the main-line project is much more 
extensive, covering the entire district from 
Nashville to Birmingham, these 200 miles con- 
stituting the most congested part of the main 
line from Cincinnati to New Orleans. When 
the improvement is completed the capacity of 
this section will be tremendously increased. 

The 100-mile new line from Brentwood to 
Athens is in itself no mean undertaking. As 
the old line ran through established communi- 
ties it was not feasible to abandon it, though 
the new line will ultimately carry the bulk of 
the traffic. With this in view, provisions are 
being made for future double-tracking, but this 
is not being overdone. For instance, small 
culverts, in which the cost of 13 ft. of barrel 
is small in comparison with the cost of end 
and wing walls, are being built for two tracks. 
On the other hand, such structures as can be 
readily extended to accommodate an additional 
track are being built for single track at present. 

Accepted practice is being followed in the 
use of solid embankments in place of open 
bridges as far as possible and advisable. Rein- 


‘forced ‘concrete is being used extensively in 


box and arch culverts, undercrossings and 
bridge abutments. The Louisville & Nashville 
has a reputation for conservatism, and some of 
the other conservative roads that shrink from 
reinforced concrete as from a pestilence might 
find it profitable to look into these designs and 
the results obtained. 

. One feature of the profiles that should not 
be overlooked. is the recognition of a definite 
relation between ruling and pusher grades. 
Pusher grades too often waste power, because 
while they cannot be negotiated with one 
engine they do not take the full power of two. 
Many roads are designing locomotives to fit 
their grades, but in new construction do not 
always fit the grades to the locomotives. The 
exact figure for an economical pusher grade 
cannot be computed, because too many ele- 
ments enter into level-grade resistance, but it 
is believed that if one engine can overcome 
the level-grade resistance of a train and that 
due to the 0.5 per cent ruling grade on the 
Decatur-Birmingham section, a second engine 
of the same type can overcome the extra 0.75 
per cent on the pusher grade. In the same 
way, though less exactly, the 0.4 and the 0.9 
per cent grades on the section north of Decatur 
are expected to balance. It is probable that 
even if these pusher grades could be reduced 
to, say, 0.7 and 0.55 per cent respectively, no 
advantage would be gained; they would still 
need pushers, but there would be the invitation 
to reduce the train load slightly, do away with 
the pusher and get the trains over somehow— 
resulting in breakdowns, accidents and general 
confusion. 


Publishing Hydroelectric Power 
Rates 


Within the last few years the publication of 
rates for electric service by central stations 
has become so common that it is now a rare 
experience to find a company which does not 
print its charges and often their full explana- 
tion in a neat folder for general distribution. 
A corresponding demand for information from 
hydroelectric power companies regarding their 
methods of charging for service is not so easily 
met, however, and there is no doubt that in 
some cases the difficulty of quoting rates for 
popular use has led to misapprehension of the 
policies of such organizations. The layman 
does not realize that because he can walk into 
the local office of his electric-light company 
and in ten seconds receive a full and carefully 
prepared explanation of the rates in force he 
cannot for that reason expect to do the same 
thing in dealing with the large wholesaler of 
electrical energy. 

The differences between such organizations 
are apparent upon a little consideration. The 
usual city system retailing electricity to thou- 
sands of customers consuming relatively small 
amounts of service individually is a compact 
affair, representing, no doubt, a heavy invest- 
ment in plant and distributing system, but serv- 
ing a dense population within an area so small 
geographically that the addition of new cus- 
tomers’ installations seldom introduces serious 
or burdensome additions to the existing invest- 
ment, looking at the effect of individual ser- 
vices. The overhead lines or underground 
cables pass many doors where new business 
can be secured with little added equipment cost 
to the operating company; line voltages are 
low in comparison with those used in trans- 
mission work; and in general, the problems 
of taking on new loads are simple, once the 
company secures the contract to handle the 
business. The average cost of serving cus- 
tomers of different classes can be estimated 
with sufficient accuracy to justify the main- 
tenance of standard rates for stated connected 
loads and for different energy consumptions, 
and this means that the company can easily 
publish an iron-clad schedule of prices—and, 
what is more, adhere to it—throughout all of 
its local territory, accepting business that 
comes to it on the basis of settled rates and 
with confidence that the great majority of in- 
stallations can be profitably supplied without 
further efforts to arrive at a price. 

Just the opposite is the case withthe hydro- 
electric-power system. In a typical instance 
a large company serving two or three counties 
may have only thirty-five customers, and the 
conditions surrounding the use of electricity 
in each plant are very likely so diversified that 
each contract for service must be made inde- 
pendently. One plant is located 3 or 4 milei 
off the 60,o00-volt trunk line, necessitating a 
corresponding amount of special construction 
to reach him; another happens to be near 
enough two or three other large users of the 
service to warrant the construction by the 
company of a special distributing substation 
for the group of consumers; still another de- 
mands primary power the year through, and a 
fourth gets along very well with secondary 
power subject to interruptions, perhaps utiliz- 
ing former steam-generating equipment in a 
reciprocal-power contract. Times of service, 
load factors and many other conditions may 
come into the case, with the net result that 
while the average charges can be stated to the 
public in a general sort of way, it is almost 
impossible to present the rates in extenso in a 
form which outsiders can use to advantage. 
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The situation is simply that the engineers of 
the large system stretching over many miles 
of often thinly settled country must, for the 
present at least, be permitted to figure the re- 
quirements of individual cases without being 
too closely tied to the tabulated charges which 
bind the city company, and in most of these 
cases the business cannot be secured without 
the service being a source of additional econ- 
omy of operation for the user, since it must in 
almost all instances compete with existing or 
possible self-contained generating plants which 
can be set up anywhere that the prospective 
consumer desires. This necessity of meeting 
existing costs fairly is an excellent check 
against extortionate charges. 

Doubtless it adds to the public’s good-will 
toward the company if a folder giving the 
range of prices usually in vogue, with an ex- 
planation of the need of departures therefrom 
in many individual cases, is published for dis- 
tribution by the power company; but the man- 
agement of the latter should in no wise be 
charged with discrimination if it insists upon 
making prices only after careful engineering 
investigations. In the past there has been too 
much secrecy about  hydroelectric-power 
prices; but newer and better ideas are coming 
to the front. With more publicity of the rea- 
sons why specific rates are made as they are 
there is no reason why such companies should 
not be allowed by the public to continue to 
make highly diversified charges so long as the 
territory served is sufficiently undeveloped to 
demand careful technical study in offering to 
supply service to particular installations. 


Recirculated-Air Ventilation 


The proposal to ventilate buildings by re- 
circulating the air and keeping it in motion 
without adding fresh air is not a new one, but 
tests on more than a laboratory scale are of 
recent origin. At the present time studies are 
under way at a number of points in the United 
States, and at the meeting of the American 
Society of Heating and Ventilating Engineers 
in Buffalo last week Prof. Frederick Bass, 
of the University of Minnesota, recounted the 
experiments made under his direction at a 
Minneapolis public school. 

The air from one of the rooms was used 
over and over for three weeks without addi- 
tion of fresh air, other than by leakage through 
crevices and doors occasionally opened. The 
only treatment consisted in the introduction of 
I part of ozone per 1,000,000 parts of air in 
order to get rid of the “crowd odor.” The air 
was delivered to the room through a 2-in. duct 
at each desk, the current enveloping the head 
and shoulders of each pupil. Two lines of 
ducts, in addition, were placed along the sides 
of the room, so that with the air supplied at 
the desks the volume was 8 cu. ft. per minute 
per pupil. The theory of the scheme is that a 
human being may suffer severely from stag- 
nant air, especially when its temperature and 
humidity are high, while with air in motion and 
of moderate temperature and humidity there 
will be no discomfort or adverse physiological 
results. 

In the Minneapolis experiment physiological 
and psychological tests were made upon the 
children arid also upon a “control group” sup- 
plied with fresh air, in order that the differ- 
ence between the two groups might indicate 
the effects of recirculated air. Professor Bass 
concludes as a result of his study that there 
has been no appreciable effect upon the pupils 
in the test room. He goes on to say: “The 
results show conclusively that in rooms and 


auditoriums only occasionally used the revolv- 
ing and renewing of air by proper treatment 
are as desirable as the use of outside air. 

It seems probable, too, that persons may 
occupy rooms ventilated by renewed air for a 
great length of time, certainly for periods as 
long as three weeks, without suffering or even 
exhibiting any effect either consciously or un- 
consciously. Air leakage will supply more 
than enough oxygen.” 

It is doubtful, however, whether the tests 
made by Professor Bass warrant these rather 
sweeping conclusions. There is a possibility 
that had the test been continued somewhat 
longer adverse effects might have been shown 
—in other words, that while there may be 
little harm in living under such conditions for 
a short time a continuation in such an environ- 
ment would tend to lessen vitality. That, too, 
was the consensus of opinion at the meeting 
in Buffalo. While the experiments are very 
interesting and point a way to further study 
and a possible revision of ventilation standards, 
it is certainly too early, with only these studies 
as a basis, to abandon the present educational 
campaign for the admission of as much fresh 
air and life-giving oxygen as possible. 


Influence of Basicity on Protective 
Value of Paints for Metals 


The article by Mr. Henry A. Gardner on 
page 93 of this issue gives the first clear gen- 
eral statement of the net results of the dis- 
cussions that have been going on for the last 
five years on the question of stimulative and 
inhibitive paint pigments. 

When the idea was first advanced that some 
pigments stimulate while others retard or in- 
hibit the corrosion of iron or steel, and when 
Dr. Gustave W. Thompson brought forward the 
water suspension test, it was thought by many 
that we were at once to determine accurately 
and quickly the relative values of all the paint 
pigments in use or which could be used. After 
a committee of the American Society for Test- 
ing Materials had subjected about fifty pig- 
ments to the Thompson test and had divided 
them in general into these groups, designated 
as inhibitive, intermediate (or indeterminate) 
and stimulative, it was decided to check up 
the results by applying the same pigments in 
the form of paint to steel panels and expose 
them to the weather at Atlantic City, all of 
which has been described in detail in the 
Engineering Record. The results of the At- 
lantic City test were to many observers more 
confusing than illuminating because of the ex- 
cellent protection offered by a few of the pig- 
ments which had appeared in the Thompson 
water test to be rather stimulative in their 
action and because of the rather poor protec- 
tion offered by one or two pigments that had 
given evidence of being inhibitive in the water 
test. Although in general the results obtained 
in the fence test agreed sufficiently well with 
those obtained by the Thompson water test to 
indicate a practical relation between the two, 
yet the individual cases of seemingly contra- 
dictory results were sufficient to allow many ob- 
servers to draw their own and varied conclu- 
sions from the test. Each paint man, therefore, 
saw demonstrated at the Atlantic City fence his 
pet theory of what pigments to use and what not 
to use. By applying one explanation for the 
failure of this and another for the failure of 
that pigment; by accounting for the success 
of pigment X by one theory and for the suc- 
cess of pigment Y by a totally different theory, 
the paint men were in general able to convince 
themselves that what they had thought all the 


time was quite correct. No single explana- 
tion had been found which would reconcile the 
differences in the results obtained. 

Now comes Mr. Gardner with an explana- 
tion and argument that really tries to explain 
why one pigment protects an iron better than 
another. While the Engineering Record does 
not attempt to say whether the explanation 
offered by Mr. Gardner is final, yet it does 
appear to be applicable and logical in more 
cases than any other single argument yet 
advanced. 

The fact that red lead containing litharge 
or red lead to which litharge has been added 
offers a better protection to steel than a red 
lead practically free from litharge has been 
demonstrated by Mr. Gardner, by other experi- 
menters and in the field. Certain manufac- 
turers of structural-steel paint have been using 
litharge in moderate quantities in place of 
straight red lead for structural-steel paint for 
several years. By using it in combination 
with other pigments they overcome the harden- 
ing which is so troublesome when litharge and 
oil alone are mixed together. 

Whether or not the lead-oxide content of 
sublimed blue lead is really litharge in another 
physical condition so different from that in 
which it ordinarily occurs as to have practic- 
ally no drying action upon linseed oil is prob- 
ably open to discussion. This question of 
nomenclature does not, however, affect the 
broader question as to whether the protective 
value of the pigment under discussion is due 
to its basicity. 

The question of the value of “purity” in a 
paint is one which might be discussed along 
various lines, but all of them lead back to the 
starting point. The specific for the compli- 
cated “disease” of iron, called “rusting,” will 
probably not be found in a single chemical 
compound, however “pure” it may be. 

The very valuable influence of an inhibitive 
coating in the prevention of the spread of rust 
from pinholes or abrasions in the surface is of 
the utmost importance. As pointed out in the 
article, the rusting of the iron surface may 
proceed with marked rapidity under a stimu- 
lative coating once a break is formed in the 
continuity of the coating. This quality of pre- 
venting the spread of rust from abraded spots 
or pinholes has been given an important place 
in some of the exposure tests made in recent 
years. On the Atlantic City test fence the 
coating on each plate was _ intentionally 
abraded by scratching a line across the corner 
of each plate; the difference in the rate at 
which the rust spreads under various paint 
films on the sides of the scratch forms an 
important index of the protective value of the 
coating. 

The use of coke-oven and gas-works tars 
and asphalt solutions in paints for structural 
steel has not shown very encouraging results 
when these products are used alone. As a final 
coating over a good inhibitive priming paint 
of sufficient body to form a base on which to 
apply the hydrocarbon products they have in 
many cases shown very satisfactory results 


“even when exposed to direct and strone sun 


action. This may be due largely to the action 
of the undercoating in holding the tar or 
asphalt outer coating in place and preventing 
“alligatoring.” 

The rapidly broadening field of useful paint 
constituents is evidence of the great amount 
of work being done to find other and better 
paint materials than have been in general use 
in the past. The progress made has un- 
doubtedly been great and gives good reason for 
the hope that the permanency of iron struc- 
tures will be greatly increased in the not-far- 
distant future. 
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Lock and Drydock at Keokuk 


New Type of Disappearing Gate for One of the Largest Locks 
in the World, Operated from a Central Station by Compressed Air 


Vertically operated floating gates are em- 
ployed at Keokuk, Ia., on the new lock and 
drydock which the Mississippi River Power 
Company is building for the U. S. Govern- 
ment to replace the three locks and 9 miles 
of canal submerged by the construction of the 
dam and power plant which have been de- 
scribed in the Engineering Record of Aug. 
5, I91I, page 149, and of Nov. 16, 1912, page 
536. On May 8 water was turned through the 
first of the fifteen 10,o00-hp wheels, and since 
July 1 electrical energy has been transmitted 
regularly to St. Louis. The lock is complete 
and the first boat passed through it on June 
12. The drydock site is being filled and will 
probably be complete by Sept. 1. 

The lock, drydock and lock grounds are lo- 
cated on the Iowa side of the river. As the 
existing lock occupied space under the new 
drydock, it was possible to maintain traffic 
during the construction of the new lock. Fea- 
tures included in the works, which will be 
turned over to the U. S. Government, are a. 
lock, 110 ft. wide by 4oo ft. long, with a lift 
of 40 ft.; a drydock 150 x 463 ft. in plan, a 
power plant of 400-hp capacity for operating 
the gates located in the wall connecting the 
lower end of the main power house and the 
upper end of the lock, an intake and discharge 
system controlled at inlet and outlet by four 
air-operated cylindrical gates, swinging steel 
miter gates at the lower end of the lock, inter- 
changeable floating gates of a novel design 
for the upper lock gate, the guard gate and 
the drydock and an elaborate central system 
of control of the compressed air by which all 
of the machinery is driven. Below the miter- 
ing gate is a needle dam by which the tail- 
water may be excluded to permit laying dry 
the floor of the lock and the culvert system. 

Foundations for the various structures were 
excavated from the limestone ledge, which is 
so nearly level at El. 480 that little or no 
trimming was necessary. The lock floor is 
not covered with concrete except to fill in 
around the culvert pipes. 

The original cofferdam inclosed practically 
all of this work with the exception of a por- 
tion around the lower end of the old lock, 
through which traffic was not interrupted 
until the new lock was ready to operate. 


Lock WALLS 


Walls of the gravity type, built of 1:3:5 
concrete, form the sides of the lock. They 
are 33 ft. wide at the bottom and 8 ft. wide 
at the top below the 20-ft. esplanade, sup- 
ported on inset arches, which also give stiff- 
ness to the walls. At the lower end the walls 
are 40 ft. wide and have vertical faces, the 


- 112!" 


extra weight being required to withstand the 
thrust of the mitering gates. At the upper 
end the walls are 30 ft. wide and have verti- 
cal faces. Between the guard gate and the 
upper gate the width between walls is en- 
larged by 5 1/3 ft. This will permit remoy- 
ing the upper gate, as it may be swung on its 


yd. buckets and then hoisted to place by 
stiffleg derricks mounted on three improvised 
railroad trucks. When the height of the wall 
became too great for handling material from 
below the derricks were mounted on top of 
the portion of the wall already completed. 


FILLInc AND EmptyING SYSTEM 


For filling the locks with water and later 
discharging it a gridiron of eight 6-ft. cul- 
verts extends transversely across the lock 
from a steel header laid under the river toe 
Each culvert has seven 3- 


of the east wall. 
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Plan and Cross-Sections of Lock and Drydock at Keokuk, Iowa 


vertical center opposite the recess sufficiently 
to clear the seat of the emergency gate. 
Construction of the lock proceeded from 
the lower end, where there was the greatest 
bulk of the concrete. Wooden form sheets, 
or panels, made up of 2-in. lagging and 4 x 
4-in. studs were held in place by rods em- 
bedded in the concrete and by wiring across 
to the forms on the opposite side of the wall. 
Mixed concrete was brought to the site from 
the mixing plants at the upper end of the 
power house over industrial tracks in 1%- 


ft. nozzles. The header is 13 ft. in diameter 
at the inlet end and diminishes in size as each 
lateral is taken off. Water enters at the point 
shown in the drawing through four pneu- 
matically operated cylinder valves, 7 ft. in 
diameter, housed in separate concrete inlet 
chambers, 19 ft. 8 in. x Io ft. 6 in. in plan. 
The centers of the valves are g ft. from the 
back face, giving a clearance of 5 ft. 4 in. 
Stop-log grooves are provided to permit in- 
spection and repair of the valves. 

Each piston is connected to an air cylinder 


EL 5300. 


ARAKI 


= aS [7 


wan) Sis 


| ase 


Details of Floating Gate, Showing Location of Tunnels, Air Piping, Latches and Seats 


pieces Looking Down Sec 


ELSULO_ 


Compressed Air Pipes 


Section on Center Line of Lock 


oat Lint 


JuLy 26, 1913 


BaNe Gola Neier als Ne G 


hoe nC OmreuD) 


89 


which is supported on the top of the lock by 
a concrete arch over the chamber. The bon- 
net, or hood, over the piston rests on two dis- 
tancers, or pedestals, which in turn rest on 
a flared inlet casting over the vertical 6/%-ft. 
intake conduit leading to the steel header line. 
Developed, the clear opening for the passage 
of water through each valve is 2 ft. 8 in. high 
by 20 ft. long. 

Discharge from the lock takes place through 
the culvert system to four cylindrical valves, 
of the same size and type as those at the in- 
take, located in separate discharge chambers 
near the center of the lock on the outside of 
the river wall. The valves are set on top of 
flared nozzles, resting directly on the header, 
which is ro ft. 11 in. in diameter at this point. 
Over the bonnets of the valves are concrete 
struts, 8 ft. deep and 12 ft. wide, designed 
to withstand the upward thrust due to the 
hydrostatic pressure. The operating mechan- 
ism is supported on an arched concrete plat- 
form over the chambers similar in construc- 
tion to that at the intake. It is 23 ft. below 
the top of the back wall and 2 ft. above high 
tailwater. 

Between the normal water level points the 
lock holds 1,500,000 cu. ft. of water and re- 
quires about fifteen minutes to fill. The cul- 
vert system is designed to provide a uniform 
delivery of water throughout the entire area 
of the lock chamber when filling and an evenly 
distributed suction when emptying. During 
the first half of the total time consumed in 
emptying the lock chambers the water drains 
down until the difference in head between the 
level in the lock chamber and the river is 
about 15 in. The mitering gates and their 
operating machinery were designed to over- 
come the usual allowance for wind pressure, 
and also the pressure due to a difference of 15 
in. in water levels. In other words, these 
gates may be, and actually are being opened 
against a 15-in. head, thus cutting down mate- 
rially the discharge period. 


FLOATING GATES 


Choice of vertically operated disappearing 
floating gates was made possible because of 
the depth of the pool above the lock. There 
are 31 ft. of water below the sill and a mini- 
mum of 8 ft. above it. At high water there 
are 14 ft. over the sill, above which the skin 
plate on the back face of the gate forming 
the water barrier rises 16 ft. Some of the 
reasons for adopting this type of gate are: 
First, the structure could be used as a rail- 
road bridge; second, it reduces the length of 
lock walls over that necessary for mitering 
gates; third, there is no outward end thrust 
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—in consequence the walls can be made 
lighter; and fourth, in case repairs are neces- 
sary the three gates are interchangeable and 
any one can be raised and floated out of its 
recess to the drydock, or to replace either of 
the other two gates without removing any 
part, or without assistance other than tow- 
lines and barges lashed alongside to prevent 
turning turtle. 

Each gate has an inverted steel box open 
on the bottom, located centrally, and two 


one at 


closed displacement compartments, 
each end. Structurally the gate consists of 
two vertical trusses, 112 ft. long, spaced on 
15-ft. centers, and connected in the plane of 
the top chords by a horizontal truss and in 
the plane of the bottom chords by lateral brac- 
ing, all in the form of an eight-panel Pratt 
truss-deck railroad bridge. The downstream 
truss is, in fact, a plate girder and its web is 
heavily reinforced to sustain the hydrostatic 
pressure, thus forming the waterproof barrier 


View of the Works at Keokuk, 


with the New Lock and Drydock on the Right-Hand Side 
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Details of Mitering Gate and Its Operating Mechanism 


of the gate. The resulting pressure along the 
top chord of this truss is sustained and carried 
to the lock walls by the horizontal truss of the 
top of the gate. The bottom chord and the 
end frames of this girder are fitted with oak 
contacts which take bearing upon and transmit 
the pressure to cast-iron sills bedded in the 
masonry sill and walls of the lock. 


DISPLACEMENT CHAMBER 


The flotation of each gate is by means of 
two displacement chambers of 4550-cu. ft. 
volume and the open bottom buoyancy cham- 
ber. The 6200-cu. ft. volume of displacement 
in the buoyancy chamber is under the control 
of the operator, located in a central control 
house, whereby each gate may be opened or 
closed—that is, lowered or raised at will. 
Compressed air is conducted from the lock 
power house through the pipe galleries to two 
points under each gate. 

The oak bearings along the bottom and ends 
of the gate are not in contact with the 
masonry or the reaction castings at any time 
except when the gate is in a closed position. 
Each gate is confined to position and to trans- 
verse alignment by guide runners sliding in 
vertical cast-iron guides bedded in the lock 
walls at each end of the gate. These guides 

~ have toothed racks which engage a pinion at 
each end of the gate and, as each spur wheel 
is keyed fast to a shaft which extends from 
end to end, the simultaneous movement of 
every part of the gate and its longitudinal 
alignment are assured. 

| Each gate is locked in the closed position by 
four heavy latches, operated pneumatically 
by a single air cylinder for each pair. 

Each gate is proportioned to sustain the 
hydrostatic pressure due to water at El. 525 
on the upstream side with no water pressure 
acting against the downstream side. The top 
truss will sustain 2100 lb. per lineal foot uni- 
formly distributed load. This represents the 
portion of hydrostatic pressure accumulating 
along the top flange of the downstream girder, 
which is the same as the bottom chord of the 
horizontal truss. For the vertical trusses act- 
ing as a bridge the dead load is the entire 
weight of the structure in air, applied equally 
to the top and bottom chords, when the bridge 
is supported on the latches. The live load as- 


sumed is a continuous train of Cooper's Class 
E-40 locomotives, with the bridge supported 
on its latches in air. 

Ballast was fixed in the closed chambers 
to float each gate on an even keel and level 
longitudinally. The calculated displacement 
necessary to float, the gate when submerged is 
6000 cu. ft. Of this volume there are 4550 
cu. ft. in the displacement chambers, and the 
remainder is provided by the buoyancy cham- 
ber by a depth of 3.87 ft., in which the air 
pressure varies from 7.4 to 13.6 lb. per square 
inch, according to the location of the gate 
between the water surface and the extreme 
low position. 

Air for the buoyancy chamber, under roo- 
Ib, pressure, is compressed in the power house 
and piped through the tunnels under the gates. 
Two 4-in. risers pierce the roof of the tun- 
nels and discharge into the water through 
which the air bubbles up under the gate and is 
trapped. 

Discharge of air from the buoyancy cham- 


ber is from one point near the center through 
a 6-in, main carried to the end of the gate and 
upward through a latticed end-post extension 
leading to a 6-in. metal hose wound on a 
bullwheel 8 ft. in diameter. Seven-eighths of 
a turn of the wheel equals the travel of the 
gate. The inner end of the hose is connected 
to the hollow shaft on which the wheel turns. 
The outer end of the shaft connects with a 
6-in. pipe leading to an opening in the lock 
wall by way of the operator’s house, where 
control is effected. 

In a similar manner, the bullwheel carries a 
I-in. pipe to supply compressed air to the 
closed chambers for the purpose of removing 
any leakage through suitably arranged sumps 
and check valves. 

Before lowering the gate air is first let into 
the buoyancy chamber to raise the gate so that 
the latches may be removed. There is a per- 
mussible upward movement of 9 in. when four 
bumpers with rubber cushions are encount- 
ered. The outlet valve on the air line pass- 
ing over the bullwheel is then opened and the 
gate sinks, slowly and under perfect control, 
to open position. In this downward movement 
additional air is admitted after the gate is 
submerged to compensate for the elastic dis- 
placement in the open bottom compartment. 
This gate travels through 19 ft. vertically, 
and while its movement is kept slow for safety, 
the change from open to closed position, and 
vice versa, is accomplished in remarkably 
quick time. 

THe Mirertnc Gates 


At the lower end of the lock are steel 
mitering gates, 48 it. high center to center of 
extrente arch ribs, 66 ft. 434 in. long, center 
to center of contacts, and Io ft. 8% in. in ex- 
treme thickness. A displacement chamber at 
the lower central portion of each leaf supports 
a large part of its dead weight. 

Each gate leaf consists of thirteen arched 
ribs framed together from top to bottom of 
the leaf by girders forming the quoin and 
miter posts and by nine lines of intermediate 
framing. The quoin and miter posts are fur- 
ther reinforced and pressure from the arch 
ribs is distributed by cast-steel castings in a 
continuous line from top to bottom. This 
frame is covered on its convex side by steel 
plates. The curved shell of the leaf thus 
formed is reinforced by heavy steel X-bracing 
on its concave side, designed to sustain the 
entire dead weight of the leaf and to prevent 
warping of the leaf under any circumstances, 
with particular reference to the power ap- 
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plied eccentrically at the top to open the gate 
against a I5-in. maximum head of water. 
Five conditions of loading were assumed. 
Case 1 is for the dead load of the gate leaf 
when hung on its hinges in air. In case 2 


plied at the top to open them against a I5-in. 
head at low stage. Case 4 is with the gates 
closed and subjected to static water pressure, 
when the lock chamber is filled to El. 525 and 
tailwater is excluded from contact with the 


Floating Lock Gates and Air-Connection Towers 


machinery similar to that in use at Panama, 
except that the motive power is compressed 
air. The 25-ft. turntable and the strut at- 
tached to the gate leaf about one-third of the 
distance from the bearing are shown in one 


Turntable for Operation of Mitering Gates 


the dead load is considered when the leaf is 
hung on its hinges in maximum high water, 
thus giving the maximum uplift from the 
buoyancy chamber. Case 3 is with the gates 
closed and subjected to sufficient power ap- 


gate, also with contact on the miter post, but 
not on the miter sill. Case 5 is the same as 
case 4, with the exception that contact is con- 
sidered on both miter sill and miter post. 
Operation of the mitering gates is by 


Lock Intake Valves and Operators’ House 


of the illustrations. The reduction in gear- 
ing from the 4o-hp reversible air-driven en- 
gine to the wheel is 1 to 700. One-half turn 
of the turntable opens or closes the gate, so 
that gear teeth are provided for only a little 


Downstream View of Mitering Gate, Showing Frame 


Operating Mechanism, with Semaphore for Guard Gate 
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more than one-half the circumference. The 
connecting rod, or operating strut, is provided 
with a double-acting spring to absorb shock 
from the engine or that due to the meeting of 
any obstruction of the gate when sustaining 
water pressure. One-inch movement each 
way from normal is controlled by this spring. 
Due to the angles and leverage, this is equiva- 
lent to a 4-in. travel at the mitering face, so 
that an 8-in. block of wood could be caught 
between the mitering faces and do no damage. 

Over the miter post on one leaf is a pneu- 
matic miter forcing machine which seizes a 
post on the opposite leaf in a pair of giant 
jaws and lines the faces against each other. 

The turntable is equipped with an electrical 
contact so wired that successive positions of 
the gate afe indicated by electric lights on the 
control board in the operator’s house at the 
far end of the lock. Five inches beyond the 
dead center a four-way limit cock, the handle 
of which is guided by a cam on the wheel, 
reverses the engine by means of an air cylin- 
der controlling the reverse lever. The wheel 
will continue to oscillate back and forth 5 
in. each side of the dead center until the oper- 
ator shuts off. the main air supply. At this 
point the gate movement is so small that the 
miter-forcing machine can operate with the 
turntable stopped anywhere inside of the 5-in. 
limit. 

Setting the cast-iron reaction blocks in con- 
crete was accomplished by erecting a tem- 
porary structural-steel post in exact position, 
bolting the blocks to this post and then plac- 
ing the concrete. 

Anchorages at the top of the quoin post 
comprise two sets of double 2 x 8-in, eye- 
bars. One is shown in the drawing in eleva- 
tion and the other is at right angles to this. 

All steelwork for both floating and miter- 
ing gates was fabricated by the Chicago 
Bridge & Iron Works. 


FitrinGc THE MITER SILL 


Not until the gate had been completed and 
swung into closed position was the 12 x 12-in. 
oak miter sill fitted. First, the oak piece was 
slipped over the horizontal bolt connections, 
leaving 3 in. for fitting against the back and 
bottom surfaces. Second, wooden struts were 
applied against the gate with a force equal to 
150 tons uniformly distributed over the bot- 
tom of each leaf. Third, the oak pieces were 
forced tight against the cast-steel contact cast- 
ings and held there by wooden wedges until 
the concrete deposited around the sill had set. 
Fourth, vertical bolt holes were bored through 
the sill and drilled into the concrete, fox bolts 
were placed and the nuts screwed tight. For 
renewals the vertical bolts are to be cut off 
and new holes drilled. 


House 


Cross-Section of Lock Power 


To maké sure that the holding-down bolts 
grip the bed rock after the concrete forming 
the sill had set, the 2-in. gas pipes around the 
bolts were not grouted until the bolts had been 
subjected to an initial stress of 15,000 lb., ac- 
complished by a 150-lb. pull at the end of a 
3%-ft. wrench. 


Lock Power House 


Located in the wall connecting the upper 
end of the lock and the lower end of the 
power house are two 200-hp S. Morgan Smith 
single-runner Francis turbines, which are. belt- 
connected to Ingersoll-Rand 13 x 16-in. “air 
compressors, and are controlled by Lombard 
jovernors. -Each unit alone has sufficient: ca- 
pacity to operate the lock and drydock machin- 
ery and drive the equipment housed on the 
lock grounds. From the engine room stair- 
ways lead to tunnels carrying the air piping 
and electric cables under the lock and dry- 
dock gates. 

Built last is the 150 x 463-ft. drydock, as it 
is located over the former lock, Government 
headquarters and reservation. The site is now 
being filled in to conform to the general 
drawing. On the river side is the lock wall, 
while on the downstream side a concrete 
gravity wall extends from the lower end of 
the lock to the embankment of the lock 
grounds and on the upper side is an extension 
of the concrete gravity sea wall along the 
railroad embankment. A switch track laid on 
top of this latter wall leads over the gates 
for the drydock and lock to the power house. 
Two hand-operated butterfly valves, 6 ft. in 
diameter at the upstream end and a similar 
set at the downstream end are provided for 
filling and emptying the drydock. 

On the drydock grounds the U. S. Govern- 
ment will erect a paint house, machinery and 
blacksmith shops, carpenter shop, sawmill and 
storehouse—all connected by industrial tracks 
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as well as by standard-gage switches to the 
railroad. Power to operate the machinery lo- 
cated in these buildings, at the lock and at 
the drydock is to be compressed air. “ 

No part of this:work has been done by the 
contract system, the construction forces be- 
ing directed by the chief engineer. The entire 
work has been built under the personal super- 
vision of Mr. Hugh L. Cooper, M. Am. Soc. 
C. E., of New York, chief engineer of the 
Mississippi River Power Company, who re- 
sides at Keokuk during the construction pe- 
riod. Mr. B. H. Parsons, of New York, M. 
Am. Soc. C. E., is the mechanical engineer. 
The construction has-been carried on in two 
separate and distinct organizations. The IIli- 
nois division, under Mr. Dexter P. Cooper, 
directed the building of the dam; the lowa 
division had charge of the power house and 
lock. Mr. H. T. Herrick was at the head of 
the Iowa division until his death on May 26. 


Water Consumption in Boston 


The daily average quantity of water con- 
sumed in the eighteen municipalities, including 
Boston and nearby towns, supplied from the 
Metropolitan waterworks during the year 
1912, as measured by Venturi meters, was 
116,230,700 gal., equivalent to 107 gal. per 
capita in the district supplied. The daily aver- 
age consumption was 6,235,900 gal. more, than 
during the previous year. Of this increase 
about 1,000,000 gal.. per day was due to the 
addition of the former town of Hyde Park, 
with a population of 16,260, ‘but the greater 
part of the increase was caused by the use and 
waste of water during ‘the extremely cold 
weather in January, February and March: 
During the extremely cold weather in those 
three months it is estimated that the 
quantity used to prevent freezing of pipes was 
1,106,882,000 gal., equivalent to 3,024,000 gal. 
per day for the entire year. In all the cities 
and towns of the Metropolitan water district, 
with the exception of the town of Revere, the 
number of services now metered is in excess 
of the provisions of the Acts of 1907, which 
require at least 5 per cent of the number not 
metered on Dec. 31, 1907, to be metered each 
year thereafter. At the end of 1912, 51.77 per 
cent of all the services in use in the Metropoli- 
tan district were metered, and 77.50 per cent 
of the services in the cities and towns outside 
of Boston. 
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POWERFUL INFLUENCE OF BASIC PIGMENTS IN PROTECTING METALS FROM CORROSION 
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Powerful Influence of Basic Pigments in 
-Protecting Metals from Corrosion 


By Henry A. Gardner, Assistant Director, Insti- 
tute of Industrial Research, Washington, D. C. 


(Accompanied by Folding Insert Plate) 


In a recent article on the subject of metal 
paints (“Primers for Metals,” Bulletin 37, 
scientific section, Paint Manufacturers’ Associ- 
ation of the United States) the writer called 
attention to the remarkable rust-preventing 
properties of litharge (monoxide of lead), a 
pigment which gave even more pronounced 
inhibitive results than the chromate pigments 
when. placed in water in ‘contact with iron 
plates. The power of litharge to keep iron 
absolutely free from rust was attributed to the 
highly basic nature of the pigment, basic sub- 
stances when present in sufficient concentration 
being well recognized as powerful inhibitors 
of corrosion. Attention was called, however, 
to the impracticability of litharge as the pig- 
ment base for an oil paint on account of the 
rapid mass hardening that occurs when lith- 
arge is mixed with linseed oil. The cause of 
such hardening phenomena is easy to under- 
stand when the readily saponifiable nature of 
the drying oils is taken into account. The 
product of reaction between litharge and lin- 
seed oil is lead linoleate, a powerful paint drier, 
which has remarkable oxygen-carrying prop- 
erties. 

The writer, in the article previously referred 
to, in commenting on the litharge content of 
red lead, brought out several points which are 
pertinent to the present discussion, as follows: 


LITHARGE CONTENT oF RED LEAD 


“Although red lead is chemically termed the 
tetroxide of lead, a combination of litharge 
(the yellow monoxide) and _ storage-battery 
lead (the brown dioxide), there is often 
formed, according to the process used, a prod- 
uct which contains varying percentages of 
free litharge or uncombined oxide. It is this 
percentage of litharge which makes some red 
leads more apt to body and harden in oil after 
long standing than other types of red lead. 

“Orange mineral, a type of red lead made 
by roasting white lead, is practically pure-lead 
tetroxide and for this reason red-lead paints 
made from orange mineral do not body or 
harden and may be-kept for months in a 
smooth condition. On account of this fact red- 
lead manufacturers have endeavored to pro- 
duce red leads with a minimum litharge con- 
tent by the old method of roasting pig lead, 
and some manufacturers have marketed a 
product which contains as high as 98 per cent 
of pure red lead and less than 2 per cent of 
litharge. 

“Although such red lead is preferable for 
making red-lead paints which are to be packed 
for some time before use, it is not as highly 
inhibitive in its protective effect as those red 
leads which contain high percentages of 
litharge. 

“One feature of this question, however, 
which has not received sufficient investigation 
is that.relating to the physical structure of the 
pigment particles. The writer is of the belief 
that a pigment containing as high as 15 per 
cent of litharge would be free from the objec- 
tion of excessive action upon oil if the pig- 
ment particles were of the correct physical 
structure. Such a pigment would undoubtedly 
be preferable on account of its increased in- 
hibitive properties.” a 

It is of interest to record that paint pig- 
ments are now available which contain a very 


high percentage of litharge in such physical 
condition as to be practically free from action 
upon linseed oil and yet possessed of the nor- 
mal inhibitive character to be expected of the 
litharge content. The pigments referred to 
are those which are produced by the sublima- 
tion of lead and zine ores, among which may 
be mentioned basic sulphate-white lead and 
sublimed-blue lead. The latter material con- 
sists approximately of 65 parts of lead sul- 
phate and 35 parts of lead oxide, the com- 
ponents being chemically and physically com- 
bined in the form of an amorphous pigment 
substance of great fineness. The presence of 
small percentages of carbon and lead sulphide 
as natural impurities gives to this pigment a 
pleasing steel-gray color. Although the high 
percentage of litharge in this product, if un- 
combined, would be sufficient to cause the im- 
mediate hardening of a linseed-oil paint made 
therefrom, experiments have shown that this 
pigment is practically free from reaction with 
saponifiable oils. That this pigment is highly 
inhibitive and most durable when mixed with 
linseed oil and spread upon iron plates has 
been demonstrated in exposure tests placed by 
the writer at Atlantic City five years ago un- 
der the supervision of the American Society 
for Testing Materials. Attention is called to 
the excellent condition of the pigment, as 
shown in Fig. 1 (see folding insert plate). 


Factor AFFECTING INHIBITIVE VALUE 


That the degree of basicity of any pigment 
is to a large extent responsible for its good 
behavior when applied as an oil paint to a 
metal surface is further substantiated in the 
tests referred to by the results obtained with 
the lead-chromate pigments applied on panels 
34 and 36. Normal or neutral lead chromate 
(test 36) gave only fair service. On the other 
hand, basic chromate of lead (test 34), a lead- 
chromate pigment containing a considerable 
percentage of litharge in chemical combination 
with normal-lead chromate, was found to be 
the most highly inhibitive protective paint in 
the tests. After five years’ exposure its rating 
is still practically Ioo per cent, as recorded by 
the official inspectors. 

A chromate pigment, to be inhibitive, must 
be either slightly water soluble or basic. Zinc 
chromate is a good example of a slightly 
water-soluble chromate pigment. In the pres- 
ence of water it is subject to ionization, thus 
rendering available its chromic acid content, 
which has the effect of preventing the solution 
pressure of iron. Basic chromate of lead is a 
good example of a chromate pigment which is 
highly inhibitive on account of its basic nature. 
On account of the insoluble and neutral nature 
of normal lead chromate this material would 
not be expected to fulfil the requirements of 
an inhibitive-chromate pigment. 


VALUE oF ZINC OXIDE 


Zine oxide is another basic pigment which 
has proved highly valuable as a constituent 
of metallic paint. In physical combination 
with lead sulphate (in about equal parts), as 
it occurs in zinc lead, this pigment has shown 
the pronounced inhibitive effects of pigment 
basicity. Zinc oxide fortunately is a pigment 
which of itself may be ground in linseed oil, 
of normal acid value, and show little tendency 


toward hardening. In this form, therefore, it 
is coming into use as an inhibitive base pig- 
ment to admix with iron-oxide roofing paints, 
to which ‘it adds considerable merit. In a pre- 
vious article this subject was discussed as 
follows: 

“The greatly increased protection which was 
afforded the iron plates by the addition of zinc 
oxide is of practical interest to the painter, in- 
asmuch as zinc oxide in oil is a common ad- 
junct to every paintshop, and its addition to 
the widely used and popular iron oxide, or so- 
called metallic paints, is a simple matter. Such 
addition, moreover, produces a paint which has 
great spreading power and other desirable 
properties. It is also of interest to note the 
increased inhibitive effect that is obtained by 
the addition of zinc oxide to corroded white 
lead, mixtures which could be used for the 
production of white or shaded metallic paints. 
It may be pertinent to record at this point that 
such mixtures have proved more durable in 
field tests than either single pigment.” 


VALUE OF “Pure” Paint 


In a recent article, entitled “Paint Efficiency 
and Paint Purity,’ which appeared in the 
“Iron Age” for Feb. 13, 1913, Mr. George 
Auchy states that the paint trade is discov- 
ering that “the purer the paint the poorer.” 
Assuming that the word “pure” may be ap- 
plied to such a substance as paint, there can 
be no question but what Mr. Auchy’s theory 
holds good in many instances. That the purity 
of a truly stimulative pigment has much to do 
with its rust-producing properties there is 
much evidence to show. Pure graphite, pure 
carbon black and pure lampblack, ground in oil 
and applied to steel plates in the Atlantic City 
tests, developed their rust-exciting tendencies 
in a very short time. Tests simultaneously 
made, with the same pigments admixed with 
large percentages of neutral inert pigments 
stich as barium sulphate and silica, prove the 
value of these so-called paint extenders in 
nullifying the corrosive action of the black- 
carbon pigments and in strengthening their 
films. 

That the theory “the purer the paint the 
poorer” would not always apply where a really 
inhibitive paint is concerned is the writer’s be- 
lief. Paints made entirely of basic chromate 
of lead, pure sublimed blue lead or pure zinc 
chromate, ground in the proper amount of lin- 
seed oil, will outlast paints made of only a 
small percentage of the same pigments admixed 
with a large percentage of barium sulphate or 
china clay. However, there may be a critical 
point in the admixture of the inhibitive pig- 
ments with the inert pigments where added 
percentages of the inhibitive pigments cease 
to add proportionately to the value of the mix- 
ture. This point, however, has not been deter- 
mined by practical tests with all of the pig- 
ments, although considerable laboratory inves- 
tigations on the subject have been made. 


BAsiciry IN THE Licutr oF REsuLtTS oF TEsTs 


As further proof of the effect of basicity 
upon the rust-preventing properties of pig- 
ments attention is called to plates 9 and Io at 
the end of a five years’ test, depicting the con- 
dition of two grades of red lead, one of which 
has been given the trade name of orange min- 
eral. (See Figs. 2 and 3.) The latter type of 
red lead is produced by the oxidation of off- 
color white lead or white-lead tailings. In its 
highly oxidized condition it is practically 100 
per cent red lead (tetroxide of lead), with no 
appreciable percentage of litharge. The con- 
dition of the paint made from this pigment 
(see Fig. 2) is far from satisfactory. The 
other type of red lead contains an appreciable 
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percentage of litharge and, as will be seen from 
the photographs, plate Io is in much better 
condition than plate 9. The latter test would, 
no doubt, have been in still better condition 
had the red lead contained a larger percentage 
of litharge. The manufacturer of red lead, 
however, has been striving to produce a prod- 
uct which will answer specifications which are 
often ill advised, the purchaser having the 
misconception that the purest red lead—one 
containing the highest percentage of lead 
tetroxide—would be the best. 

In the endeavor to meet such specifications 
some manufacturers have made use of arti- 
ficial oxidizing agents, such as potassium 
nitrate, in conjunction with the furnacing of 
the pigment. The red lead resulting from such 
treatment, although containing often as high 
as 98 per cent lead tetroxide, is liable to con- 
tain a small percentage (0.1 to 0.5 per cent) 
of soda or nitrate salts. These may be ex- 
tremely active in promoting rust, and the small 
pinhole rust spots on panel 10 may be due to 
this very action. 


A ProposeD SPECIFICATION 


The question that now remains for decision 
is: Of what should a red lead consist in order 
to be thoroughly inhibitive? In the writer’s 
opinion red lead answering the following speci- 
fications would be highly inhibitive and more 
acceptable than any other for general painting 
purposes: 


Red lead (tetroxide of lead, Pb3O4)........ 82-88 per cent 
Litharge (monoxide of lead, PbO)......... 18-12 per cent 


Less than 6.5 per cent total impurities such as copper, 
silica. ircn, etc. Must be free from nitrate salts. 

The red lead should be bright in color and of such 
fineness that 99.5 per cent should pass through a 200- 
mesh screen. 


Such a red lead would be more generally 
available than one containing the higher per- 
centage of lead tetroxide. The drying power 
of such red lead would be excellent, and if 
mixed with linseed oil just before application 
would prove a highly satisfactory paint. It is 
well to record at this point that those red leads 


which consist almost wholly of lead tetroxide. 


are not good drying pigments. It is even nec- 
essary to add artificial driers to linseed-oil 
paints made from such pigments. Such paints, 
however, have the advantage of remain- 
ing soft even after standing in sealed 
packages for several months. This property 
of the high-percentage red leads has made 
them popular in the manufacture of ready- 
mixed pure red-lead paints. The service to be 
expected from such paints, however, would not 
be as great as the service attending the use of 
a prepared red-lead paint made from red lead 
containing litharge in considerable proportion, 
such, for instance, as that shown in the above 
specifications, mixed with equal parts by weight 
of an inert pigment such as silica, china clay 
or asbestine. Paints made from such a mix- 
ture would be practically free from hardening 
in a package for a considerable period of time. 
They would, moreover, be less expensive than 
100 per cent pure red-lead paints. In inhibitive 
power, spreading capacity, and brushing prop- 
erties they would be superior to paints made 
from 100 per cent pure red lead. 


INFLUENCE OF CARBON ParINntTs, PorTLAND 
CEMENT AND CYANAMIDE PIGMENTS 


The action of the carbonic acid of the air 
in changing the surface of red lead to the 
white carbonate of lead is well shown in Fig. 
3, where part of the plate has been washed to 
remove the whitened surface, disclosing the 
unacted-upon red lead beneath. This condition 
is rarely met with in practice on account of 
the custom of using other pigments as sur- 
facers over red-lead paints for priming metal. 


Carbon black and lampblack are very popular 
for use as surfacers for red-lead paints, and 
for such use they give excellent results. In 
this connection it might be well to state that 
excellent results may be expected from most 
pigments which are basic in nature, if they are 
applied properly to a metal plate and then sur- 
faced with a paint containing a carbon pig- 
ment, such as lampblack, carbon black or 
graphite. There are included in the Atlantic 
City tests several panels which were originally 
painted with three coats of ordinary whiting 
(calcium carbonate) ground in linseed oil. On 
the lower left-hand corner of these panels were 
placed numbers with lampblack paint. The 
basic nature of the calcium-carbonate pigment 
protected the metal from corrosion for a con- 
siderable period of time. The great chalking 
tendency, however, of the whiting caused the 
removal of the paint within eighteen months, 
except in those spots which had been coated 
with lampblack numbers. In such places per- 
fect condition of the paint film is shown. This 
result further strengthens the writer's good 
opinion of basic pigments as primers of metal. 

Ordinary Portland cement, as well as fur- 
nace slags, has been used with some success 
as pigment for metal paints. The development 
of basic lime compounds which takes place 
when moisture comes in contact with such pig- 
ments, if in sufficient concentration, protects 
metal from corrosion. 
have appeared on the market from time to time 
and have in some cases proved quite useful. 

Cyanamide pigments have recently been used 
with successful results by Fulloni and by 
Liebreich. The former uses a large percent- 
age of the cyanamide pigment, while the lat- 
ter depends on a small percentage for the ulti- 
mate results. When water comes in contact 
with a cyanamide pigment highly basic com- 
pounds are developed, which protect metal 
from corrosion. 


INFLUENCE OF Mitt SCALE 


The question as to whether painting done 
over metals surfaced with mill scale would be 
as efficient as painting done over metals previ- 
ously cleaned from mill scale through the use 
of the sandblast or by pickling has been dis- 
cussed at length by various authorities. In 
some instances, such as in the case of a large 
steel-bridge structure, the cleaning of the metal 
before painting is often impracticable. Excel- 
lent results have been recorded of painting 
doné on such types of work, directly over the 
mill scale. For smaller work, however, wher- 
ever the removal of the mill scale is prac- 
ticable, the expense of cleaning will be justi- 
fied by the good results obtained. Fig. 4 is 
interesting in this connection. The formula 
of the paint used is: 


ForRMULA oF PAINT 


Pigment Total 

formula formula 
LOT ORTCEs ec ommeyee nie IGN iepaiekay are fecenn are 59 6.67 
Zinc chromate ...... 15.63 8.33 
Calcium carbonate 3.75 1.67 
Silicate sca cee 30.62 16.66 
Japan drier Rite 4.54 
Linseed oil 42.13 


A pinhole in a sheet of tin plate may lead to 
the destruction of the plate. A pinhole in a 
paint film or a defect in the metal surface may 
lead to serious results if the pigment is not in- 
hibitive. This is shown in Fig. 5, where there 
is seen a large crater-like eruption on one spot 
of a painted panel, which otherwise is in good 
condition. The admission of moisture through 
an abrasion in the film may be primarily re- 
sponsible for the appearance of the surround- 
ing paint film, with the formation of a cup 
which collected and retained sufficient water 
to start the active formation of rust. The in- 


Paints of such nature ° 


creasing amount of rust expanded the size of 
the film cup, gradually filling it with a soft, 
porous, water-retaining mass of iron-oxide 
pigment. If the pigments in a paint film are 
thoroughly inhibitive, pinholes or scratches 
do not constitute a serious menace, nor do they 
lead to the results shown in the photo- 
graph. The moisture which deposits upon the 
abraded surface has little or no effect when 
in the presence of a thoroughly inhibitive pig- 
ment. This condition, however, might not hold 
true in certain cases. Some sheets of black 
metal have upon their surface a type of mill 
scale which is evidently not of a continuous 
nature. The electro-negative nature of the 
mill scale would tend to force into solution any 
exposed area of iron. Development of gaseous 
hydrogen beneath the paint film at such spots 
would account for the formation of blisters, 
such, for instance, as are shown in Fig. 6. 


MIscELLANEOUS Paint MATERIALS 


By-product tars from coke ovens, gasworks 
and other sources have formed the base of a 
great many paints sold for the protection of 
metal. These paints make very good cover- 
ings for metal exposed to acid fumes within 
buildings, but do not have the property of 
withstanding exterior exposure. The action 
of the sun is most powerful in breaking them 
up. Figs. 7 and 8 are interesting in this con- 
nection. 

It has been thought that greater durability 
might be expected of a paint if its linseed-oil 
content were replaced with varnish contain- 
ing costly resins such as kauri and coval. As 
a matter of actual test, however, varnish paints 
for metal have never proved very satisfactory. 
The crazing of the varnish is responsible for 
the early decay of such paints. This effect is 
shown in Fig. 9. 

Iron oxide might also be classed as a basic 
pigment. If of good quality, it gives very fair 
results on metal surfaces. When admixed 
with calcium sulphate in the form of venetian 
red, it is less satisfactory than when used in 
its purer state. (See Fig. 10.) Black precipi- 
tated oxide of iron is, on account of its highly 
basic nature, a pigment of great value in the 
manufacture of metal paints. Black paints 
made with this pigment have outlasted all the 
other black paints exposed at Atlantic City. 
Its use should rapidly increase, now that its 
merit is established. In fineness and hiding 
power it is superior to all other forms of iron 
oxide. 


A New WATER ORDINANCE at Los Angeles, 
a city which is 100 per cent metered, contains 
provisions limiting the number of services on 
pipes of specified size. Only one service con- 
nection is allowed upon a 34-in. pipe, having 
a pressure of less than 20 lb., two services 
upon a 34-in. pipe with pressure between 20 
and 60 lb., and three services upon a 34-in. 
pipe with over 60 lb. pressure. A I-in. pipe 
may be allowed twice the number of service 
connections as a 34-in. pipe at the same pres- 
sure. A 1'4-in. pipe may serve twice the 
number as a I-in. and a 2-in. twice as many 
as a 1%-in. pipe. The department has printed 
a booklet listing the cost of service connec- 
tions. The charges include the service con- 
nection complete, the meter set in place and 
an adequate meter box with metal cover, The 
regulations provide that a water main need 
not be extended more than too ft. in a street 
for any one applicant. Further extensions 
may be made by the Water Department if 
paid for by the applicant. All new service 
connections must be fitted with a stop-cock, 
placed inside the line of the street curb, a 
meter, meter-box, and cast-iron cover. 


‘ 
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Astoria Tunnel Holed Through 


Completion of Bore to Carry Gas Mains under the East River, New York 


The holing-through of the Astoria tunnel 
under the East River, New York, on the after- 
noon of July 17 marks the final stage of the 
work which the Consolidated Gas Company 
undertook on Sept. 12, 1910, to provide a direct 
route for the delivery of gas from its plant at 
Astoria, Long Island, to Port Morris in the 
borough of The Bronx on the opposite side 
of the river. Surrounded by a group of 
half a hundred guests, who had been invited 
to witness the blast which would open up a 
clear passageway from one side of the river 
to the other, Mr. George B. Cortelyou, presi- 
dent, and Mr. W. H. Bradley, chief engineer 
of the company, closed a pair of silver- 
mounted switches completing the electric cir- 
cuit which detonated charges of dynamite in 
the 3-ft. rock wall forming the only barrier 
between the Bronx and Astoria ends of the 
bore. It took two shots to clear an opening 
large enough for the members of the party to 
crawl through, and one by one, in dripp:ng 
coats and thigh boots, they emerged from the 
ragged-edged aperture in the rock, 250 ft. or 
so below the surface of the East River, and 
splashed onward in single file to the Bronx 
shaft, completing the first subaqueous trip 
from Astoria to New York. 


ALIGNMENT CHECKS CLOSELY 


Shortly after the smoke had cleared away 
Mr. W. Cullen Morris, who had been in charge 
of the tunnel as engineer of construction for 
the gas company, announced that the al:gn- 
ment between the two ends of the bore had 
checked within 34 in. and the grade within 
% in. After the rubber-clad throng had been 
hoisted to the surface a levee was held at the 
company’s field office, toasts were drunk and 
congratulations extended to Mr. Bradley, Mr. 
Morris, Messrs. Jacobs & Davies, who served 
as consulting tunnel engineers, and Engineers 
George E. Woods, Vivian Messiter and Harold 
Carpenter, all members of the engineering 
staff which had striven against unusual diffi- 
culties in the form of excessive leakage and a 
400-ft. stretch of treacherous ground filled 
with mud seams, until the rumble of the last 
blast broke the strain of almost three years’ 
persistent effort in the designing room and in 
the hole.’ ; f 


TUNNEL SECTION 


The Astoria tunnel has a concrete-lined sec- 
tion in the form of a letter D, the flat side 


Leakage Through Grout Pipes in Arch 


forming the floor. The material through 
which it is driven is mostly gneiss and lime- 
stone. The bore has a width of 19 ft. 9 in. 
and a height of 21 ft. and will carry two 6-ft. 
gas mains, with room for two others to be 
installed as future needs may demand. The 
concrete lining varies in thickness from 18 to 
36 in. and in some places is reinforced with 
steel rods. The tunnel is 4662 ft. long and was 
driven from two vertical shafts; the Astoria 
shaft is 34 ft. 6 in. in diameter and 276 ft. 9 in. 
deep, while the Bronx shaft has a diameter of 
26 ft. and a depth of 233 ft. The mean depth 


number of fish were carried from the river 
into the bore. For several days the workmen 
caught these fish and took them home for 
dinner—at least that is the way the tale runs. 

After the headings had been turned the 
tunneling proceeded without difficulty for 750 
ft. from the New York side, when a large 
inflow of water was encountered. Work from 
this heading was suspended and efforts con- 
centrated on the heading from Astoria, which 
was advanced 3500 ft., or to with:n about 400 
ft. of the Bronx heading, when bad ground and 
leakage again began to cause trouble. The 
work remaining to be done was in a zone of 
contact between the gneiss and limestone 
strata. The rock formation was greatly dis- 


turbed; there were fissures of disintegrated 
material, bearing water under full head, and 


Emergency Bulkhead, Showing Wooden Door and Man Lock at Top 


of the tunnel floor below the river surface is 
246 ft. Working at such a depth under com- 
pressed air would have necessitated pressures 
far in excess of what was considered the safe 
limit for the workmen, so that all the tunnel- 
ing was carried on in open air, although at 
times the leakage was as high as 6000 gal. per 
minute. 


FisH AS A TUNNEL By-Propuct 
The gas company is responsible for the story 


that where large volumes of water were en- 
countered at one point in the tunnel a great 


in some places large, empty pockets were un- 
covered. Pilot holes had to be drilled in ad- 
vance of the heading; these were plugged with 
valve pipes and where the leakage was high 
were grouted under a pressure of 500 lb. per 
square inch. Concrete bulkheads also were 
built at intervals across the tunnel sections 
and were fitted with quick-closing gates at 
the bottom and man locks at the top to pre- 
vent the flooding out of the whole tube and to 
allow the workers to escape in the event of a 
sudden inrush of water. Cast-iron ring lining 
was resorted to in this section. The 4o0-ft. 


Completed Section of the Astoria Tunnel 
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stretch of bad ground delayed the completion 
of the tunnel more than a year and added 
greatly to its cost. 

In putting in the concrete lining the ground 
water was drained away by pipes passing 
through the forms. These pipes are now being 
used to carry grout into the open spaces behind 
the lining and thereby cut off the leakage. 

There yet remains to be completed a short 
section of concrete lining at the point where 
the headings were holed through. When this 
is finished the two 6-ft. gas mains will be laid 
within the bore and the Astoria plant will 
then be linked up with the gas-service mains 
supplying the borough of The Bronx across 
the river. 


Waterworks Extensions at Pana 


Replacing an outgrown, hard well-water 
supply with a surface water at Pana, IIl., re- 
quired the construction of a new power house 
ona siding in town, a dam on a creek 3 miles 
away, a pipe and a transmission line between 
the two, and a rapid-filter plant having a capa- 
city of 1,000,000 gal. in twenty-four hours. 
Water is pumped from the reservoir, through 
the pipe line, to the filters by a motor-driven 
centrifugal pump. From the clear well under 
the filters it is repumped directly to the mains 
by steam pumps. The following notes are 
taken from a paper presented to the Illinois 
Water-Supply Association by Mr, A. C. Stan- 
field, city engineer. 

In the 35 x 50-ft. power plant are two 100- 
hp bok one 50-kva generator and two com- 
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ter, which also removes soiled wash water 
near the front of the filter. The pipe gallery 
is in the center of the building, with the wash 
water pumps and chemical feed apparatus at 
the opposite end from the filters. | 

Some difficulty has been experienced with 
filter sand, according to Mr. Stanfield. Sand 
from nearby creek beds was used originally, 
but was found to have too high a uniformity 
coefficient and to contain so much fine material 
that the washing was excessive. Recently Red 
Wing sand has been purchased. ‘The plant is 
not thoroughly successful, Mr. Stanfield stated, 
and will not be satisfactory until settling 
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pound pumps delivering 500,000 gal. per day 
when operating against 75 lb. pressure. 


FILTER PLANT 


The filter plant consists of a two-story 
building, 23 x 42 ft. in plan, over a 60,000-gal. 
clear well under the whole structure. On the 
first floor are two Io x 18-ft. filter units hav- 
ing a collector system of the American water- 
softener type. There are 850 strainers in each 
bed, over which there are 12 in. of 14-in. 
gravel supporting 30 in. of sand. A single 
steel wash trough empties into a concrete gut- 


Bottom in Labi id and Harapan ! 


hour were pumped into the pipe ‘by hand. 
This is equivalent to a leakage of 1.1 gal. per 
minute. When in operation the pressures, in- 
stead of being 60 Ib. and 84 Ib. at the ends of 
the line, are 4 lb. and 48 lb. respectively, or 
o lb. at the water level inside the filter build- 
ing, so that the actual loss on the entire line 
when in operation is somewhat less than the 
amount shown by the test. The pipe was 
tested in sections before the trenches were 
refilled, and all leaking joints were recalked 
as fast as they appeared. Several cracked 


pipes were found in testing and were replaced 
by the contractor. 


Cay Bottom. ‘tH 


Dam, Showing Character of Material Found in 


basins are installed; but at the time the system 
was planned it was realized that the bond issue 
could not be made sufficient to permit an ex- 
penditure for settling basins, so their con- 
struction was deferred, 

Loss of head through the 14,500 ft. of 10- 
in. cast-iron pipe on which there are six 
quarter bends, when pumping at the rate of 
580 gal. per minute, is 20 lb., or 3.2 ft. per 
1000 ft. of pipe. 

A final test-was made of the entire length 
of line for leakage. Both ends being plugged, 
the whole line was filled with watcr. The air 
cocks on the hills were opened long enough 
to let all air out of the pipe possible. Outside 
the filter plant at 10 ft. below the level of the 
water on the filter beds the gage reading 
showed a pressure of 60 lb. per square inch, 
making approximately 84 lb. per square inch 
at the reservoir end of the line. In order to 
maintain this pressure 66 gal. of water per 
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Plan and Cross-Section of Pana Filter Plant 


Test Holes 


The reservoir was made by building an or- 
dinary earth dam with a concrete corewall and 
a concrete spillway 4o ft. long, the earthwork 
being 5 ft. higher than the overflow line of 
the dam. The corewall is founded on a layer 
of shale 8 ft. below the bed of the creek. The 
depth of the water at the dam is 17 ft. above 
the old creek bed and 12 ft. above the general 
ground level. The water is backed up in the 
valley a mile, and its area when flowing over 
the spillway is 40 acres. The reservoir area 
was timber land, and was cleared by sawing 
off the trees 6 in. above the ground, at a cost 
of $32 per acre. The timber was mostly small 
oak trees. No bad tastes or odors worthy of 
mention were caused by the stumps, but the 
vegetation along the creek had a good growth 
before the reservoir could be allowed to fill 
up, and its presence in the water caused a dis- 
agreeable odor. 

Mr. Arthur Giesler, consulting engineer, of 
Dayton, Ohio, designed the system and super- 
vised its construction, Mr. Stanfield acting as 
resident engineer. Mr. O. T. Dunlap, of. Ed- 
wardsville, Ill., had the contract for all the 
work except the two high-service pumps, 
which were installed by the John H. Mc- 
Gowan Company, of Cincinnati, and the one 
motor-driven centrifugal pump, which was 
supplied by the Platt Iron Works, of Dayton, 
Ohio. The plant was put into operation in 
May, I912. 


A Tree Prantinc Macurne, for use to re- 
forest old burned areas on the national for- 
ests, is being tested at the Utah Agricultural 
Experiment Station. 
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between Decatur and Birmingham. 


Relocation and Grade Reduction on the Louisville 
& Nashville Railroad 


General Features of Improvements on the Main Line and in Eastern Kentucky 


Two extensive and entirely independent 
projects are in course of construction on the 
Louisville & Nashville Railroad. One of these 
contemplates greatly increased operating ca- 
pacity and efficiency on the most congested 
part of the main line between Cincinnati and 


~ New Orleans, extending over practically the 


entire 200 miles from Nashville, Tenn., to 


established at 0.3 per cent north-bound and 
0.5 per cent southbound. These gradese are 
being conformed to except on the new 27- 
mile line from Winchester to Irvine, where a 
0.4 per cent north-bound grade was found to 
be the lightest feasible. The old grades were 
much heavier and were uncompensated for 
curvature, while east of Beattyville Junction 


low water. The bridge will have a 300-ft., 
three 200-ft. and two 125-ft. spans, with steel 
viaduct approaches at each end. The new 
line will rejoin the present one at Overtons, 
about 6 miles south of Nashville. Between 
this junction and the river, Radnor yard -is 
being constructed, a complete division yard 
in which about 52 miles of track are to be 
laid at once, space being provided for 13 ad- 
ditional miles. There will be receiving, hump- 
classification and advance yards in each direc- 
tion, a complete engine terminal, and the 
other accessories of a modern yard. 

This line around Nashville will be double 
tracked except for the Cumberland River 
bridge, which will have only one 


— 


tending southeast from Paris, Ky., is 
being undertaken to provide a more 
economical outlet for the coal fields 
in the eastern part of the state. 

The main line, starting at Cincin- 
nati, passes in a generally southerly 
direction through Louisville, Nash- 
ville, Birmingham, Montgomery and 
Mobile to New Orleans, a distance of 
about 920 miles. North of Nashville 
the line branches out, reaching St. 
Louis, Memphis and numerous other 
points. At Birmingham also it has 
numerous offshoots which afford a 
great many avenues for freight traffic. 
Between Nashville and Birmingham 
there was only the 200-mile single- 
track line to carry all the through 
north and south traffic. This line had 
curves as sharp as 6 deg. and grades 
of 1.25 per cent, uncompensated. 

In concentrating the main-line ex- 
penditures on the improvement of this 
200-mile section, ruling grades of 0.4 
per cent were established in each di- 
rection for the operating division be- 
tween Nashville and Decatur, Ala., 
and of 0.5 per cent in each direction 


Birmingham, Ala. The other, ex- 


In each section there is to be one short 
pusher grade, southbound, which could 
not easily be avoided. The maximum 
curvature was fixed at 4 deg.; and 
few of the curves are sharper than 3 
deg. The ruling grades were made 
the same in each direction, for al- 
though the traffic in the two directions 
does not quite balance in a year, both 
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the northbound and the southbound Ay 
traffic are subject to frequent fluctua- 
tions, governed largely by the arrival 
of steamships at the various gulf 
ports. , 


EXTENT oF IMPROVEMENTS 


The main-line improvements consist 
of a new line around Nashville, with 
a modern hump yard located along it; 
a 95-mile new location from Brent- 
wood, Tenn., to Athens, Ala.; a 20- 
mile new location from Blount 
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track. North of the yards the ruling 
grade will be 0.5 per cent and south 
of them 0.4 per cent, conforming in 
each case to the present and proposed 
grades of the operating divisions of 
which they will be part. This new 
line will serve the triple purpose of 
removing through freight business 
from the congested lines through the 
city, taking out some of the sag in 
grade at the present Cumberland 
River crossing, and providing space 
for one adequate yard in place of the 
several cramped ones at present doing 
duty. On this line, as on all of the 
work being done by the company, 
highway grade crossings are being 
avoided wherever it can be done at a 
reasonable expense. 


New Brentwoop-ATHENS LocATION 


For about 3 miles, from Overtons to 
a point south of Brentwood, the pres- 
ent line is being double tracked, with 
numerous alterations to alignment and 
grade. From Brentwood south, a dis- 
tance of about 100 miles, to Athens, 
Ala., however, it was found that it 
would be cheaper to build an entirely 
new line than to bring the present line 
down to the established grade. The 
location of this new line is shown on 
one of the maps. It is about 5 miles 
shorter that the old line and has a 
maximum curvature of 4 deg., with 
tangents up to 6 miles in length. It 
has ruling grades of 0.4 per cent in 
each direction, with the exception of 
a 7-mile 0.9 per cent pusher grade 
south bound from the Elk River cross- 
ing. Curves on this as on all of the 
work being done by this company are 
compensated 0.035 per cent per de- 
gree. 

The new location is a maximum 
distance of 28 miles from the old, and 
passes through a territory without 
railroad facilities, so that there are 
no towns of any great size on the 
route. On the other hand, the present 
line traverses a populous region, and 


Springs to New Castle, Ala., and nu- 
merous shorter changes of alignment 
and extensive changes of grade in the 
intervening stretches incidental to the double- 
tracking. 

The work in Kentucky is partly a continua- 
tion of the grade reduction and double-track- 
ing that has been going on for several years 
on the line from Cincinnati to Atlanta and 
partly new construction and reconstruction, as 
already stated, to provide a more economical 
outlet for the coal fields. The extent of this 
work is shown in the map and will be taken 
up in more detail later. The traffic on these 
lines is not balanced, the preponderance being 
the northbound coal. Grades were, therefore, 


Main-Line Changes from Nashville to Birmingham 


on the Lexington & Eastern Railway there 
were curves of 10 and 12 deg. The curvature 
on the new work is limited to 6 deg. except for 
three 8-deg. curves near the far end of the 
improvement. 


NASHVILLE Cut-OFF 


The main-line improvement begins at Mad- 
ison, about 9 miles north of Nashville. Three 
miles south of Madison, at Maplewood, a new 
line turns off and passes to the east of the 
city, crossing the Cumberland River on a new 
bridge 2800 ft. long and about 125 ft. above 


it was considered neither feasible nor 
desirable to abandon it. For that rea- 
son the new line is being built as a 
single-track line, probably carrying most of 
the through freight in both directions. The 
present line will also be operated as a single- 
track line, probably carrying all the local 
freight and the passenger business and afford- 
ing a relief for the new line in times of heavy 
traffic. 

In building the new line, however, account 
is being taken of the probability that it will 
ultimately have to be double tracked. Cul- 
verts, therefore, in which the 13 ft. of addi- 
tional barrel would not be expensive, as com- 
pared with removing and rebuilding end and 
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Condensed Profile and Alignment Diagram of New Location from Lewisburg to Athens Yard 


wing walls at some later date, are being built 
for two tracks. Some of the deep rock cuts, 
also, in which it is believed that blasting and 
other excavating operations at some later date 
would interfere with and endanger the opera- 
tion of the single-track line, are being made 
full width for two tracks. On the other hand 
bridge piers in water, stub abutments, and 
other concrete structures in which the addi- 
tion of 13 ft. for a second track at some 
future time would not involve the removing 
or wasting of present construction, are being 
built for one track only. 


ATHENS-BIRMINGHAM SECTION 


From Athens south for several miles the 
present line is being double tracked and 
changed as to grade. For about 2 miles north 


curves, uncompensated. About half of the 
curvature is being taken out and the rest 
compensated, but no attempt is being made 
at this time to construct a lighter grade than 
1.25 per cent. This, it is figured, will balance 
well as a pusher grade with the 0.5 per cent 
ruling grade established from Decatur south, 
making it possible for two ordinary road en- 
gines to move up the grade any train that 
one of the engines could haul over the rest of 
the division. 

Beginning at Blount Springs the old line 
is again left and rejoined at New Castle. This 
new portion, which is a maximum of about 
5 miles from the old right-of-way, is about 
22 miles long and saves about 2 miles in dis- 
tance. As the old route does not pass through 
any important places it is proposed to aban- 


ville. This line, part of which is shown in 
the accompanying illustration, runs southeast 
from Lexington into the mountains near the 
Virginia boundary. It crosses the Cincinnati- 
Atlanta line of the Louisville & Nashville at 
Winchester, and passes through the eastern 
terminus, Beattyville Junction, of the Louis- 
ville & Atlanta division, which, as shown, 
crosses the Cincinnati-Atlanta line at Rich- 
mond. Since acquiring this line the company 
has extended it eastward to a point called 
McRoberts, thereby reaching an extensive new 
coal region. The Lexington & Eastern Rail- 
way was cheaply built, with heavy grades and 
curvature, and in order to adapt it to the 
handling of a heavy tonnage of coal it was at 
first intended to improve it on its present line. 
It was found on careful investigation, how- 


Heavy Rock Cut on the Revised Alignment up Sand Mountain, the Old Track Showing on the Left 


of Decatur the Louisville & Nashville has no 
line of its own, but operates over the single- 
track line of the Southern Railway, which in- 
cludes the single-track bridge over the Ten- 
nessee River. A short double-track cut-off 
will establish a new junction point about 1 
mile south of the old one and reduce the 
single-track system to about I mile. 

Just south of Decatur more double-tracking 
begins, and extends, as shown on the map, 
to Blount Springs. Here also are changes of 
alignment of from a few hundred feet to 8 
miles in length, and where the present align- 
ment is retained the tracks are raised or low- 
ered as much as 20 ft. From Wilhite to 
Holmes Gap, a distance of 5 miles, the old 
line follows a narrow ravine up Sand Moun- 
tain on about a 1.25 per cent grade, with many 


don it, and the new line is therefore being 
built for two tracks. 

From New Castle the present line is being 
double tracked and otherwise improved for 
the remaining 7 miles to Boyles, which is the 
main junction point on the outskirts of Bir- 
mingham. 


WorK IN KENTUCKY 


Double-tracking and grade revision south 
from Cincinnati on the line to Atlanta have 
already been practically completed on a pre- 
vious program as far south as Paris, Ky., and 
the first part of the new work in this section 
is the extension of the completed work for 
16 miles, from Paris to Winchester. 

The Lexington & Eastern Railway has re- 
cently been acquired by the Louisville & Nash- 


ever, that rather than attempt to do this from 
Winchester to Beattyville Junction it would 
be more satisfactory to build the new line 
shown from Winchester to Irvine, utilize the 
Louisville & Atlantic division from Irvine to 
Maloney, and from there build the cut-off 
shown to Tallega. 

The line from Winchester to Irvine will be 
about 27 miles long. Owing to the rough 
topography it was found impossible to get the 
northbound grade lower than 0.4 per cent. 
The line will have five high viaducts, the prin- 
cipal one being that over the Red River, which 
will be 1800 ft. long and about 190 ft. above 
low water. The road will be built for single 
track throughout, with a maximum curvature 
of 6 deg. 

At Irvine a yard and an engine house will 
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Condensed Profile and Diagram of Alignment of Ultimate Line from Wilhite to New Castle 
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be built, thus creating an operating division 
of satisfactory length, about 120 miles, from 
McRoberts and an opportunity to switch out 
the cars to and from the line through Rich- 
mond. The bulk of the freight is expected 
to go north, and another operating division 
will extend from Irvine to the DeCoursey 
yards near Cincinnati. This division will also 
be about 120 miles long. 

From Irvine to Beattyville the present 
route, 34 miles long, following the windings 
of the Kentucky River, will be used. For 
the present the work along this section will 
be confined to the filling of bridges and im- 
provements of grade and alignment at a few 
points. 

The cut-off from Maloney, 2 miles east of 
Beattyville, to Tallega will be about 5 miles 
long, and will include bridges over the North 
and Middle Forks of the Kentucky River. 
From Tallega the old grade will be revised for 
3 miles further to Athol. Here a maximum 
curvature of 8 deg. will replace existing 
curves of 12 deg. or sharper. The north- 
bound ruling grade from Athol to Irvine will 
be 0.3 per cent; the southbound ruling grade 
will be 0.5 per cent. 

Beyond Athol there will be only minor 
changes, and the short section from Maloney 
to Beattyville Junction will also be raised 
somewhat to bring it above high water. 


Masonry 


Throughout all of the work above described 
it has been the policy to use solid embank- 
ments with concrete openings wherever pos- 
sible. For instance, in the 77 miles under 
improvement between Decatur and Birming- 
ham there were, before the improvement be- 
gan, 78 open bridges; in the revised line when 
it is finished there will be only nine. 

A variety of types of both plain and rein- 
forced-concrete structures is being used, de- 
tails of some of which will be shown in sub- 
sequent articles. For openings up to 10 or 


12 ft. in width floating reinforced box cul- 
verts have been used to a large extent. Where 
pipes are used, those under embankments 20 
ft. or less in height are in short lengths with 
locked joints, while those under higher em- 
bankments are in long lengths. 


Wherever 


Combination Culvert and Undercrossing at White Ash Creek 


sufficient headroom is available highways are 
being carried through semicircular arches. 
The arches over waterways are in general 
three-centered, with the shorter radius at the 
top. Some of the arches are being rein- 
forced throughout, but in general mass arch 
rings are being used bearing directly on the 
solid-rock foundations, with thin reinforced 
and buttressed wing walls. As some of the 
embankments are 80 and roo ft. high, a num- 
ber of the culverts are more than 300 ft. long, 
and several of the arches are of 80-ft. span. 
Reinforced bridge abutments are being used 
to a large extent, some of which will be de- 
scribed in detail in later articles. In the 
masonry work three different classes of con- 
crete are being used: Class A, of which the 
proportions. are 1:2:4, is used for reinforced 
floating-box culverts and for thin reinforced 
sections; Class B, 1:2%4:5, is used for the 
more massive reinforced parts; and Class C, 
1:3:6, is used for foundations and mass con- 
crete. 


GRADING AND ROADBED 


Most of the country traversed by the new 
lines, particularly that in Alabama and Ken- 
tucky, is. extremely hilly and cut with deep 
ravines, making a number of cuts and fills 80 
ft. or more high and involving from 100,000 
to 300,000 cu. yd. of material each, largely 
solid rock. At other points in the more roll- 
ing country shallower cuts of a mile and up- 
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Map Showing Scope of Improvements in Eastern Kentucky 


ward in length are being made in order to get 
the grades down to the figures fixed. On the 
various parts of the work there will be eight 
tunnels ranging from 500 to 2100 ft. in length. 
Seventy-nine steam shovels are engaged in the 
work in the three states. 

The roadbed sections for single track are 
20 ft. wide on fills and 24 ft. in cuts. The 
centers for double track are 13 ft., the fills 
and cuts being respectively 33 ft. and 37 ft. 
in width. The long cuts, however, are being 
made wider at the lower ends, to provide bet- 
ter drainage. In general go-lb. rail is being 
used on all of the work, and 
ballast to a depth of 12 in. Sidings, as well 
as the tracks in the Radnor and Irvine yards 
are being laid out for 75-car trains with en 
gine and caboose, 


stone or slag 


PERSONNEL 


The work above described is being carried 
out under the direction of Mr. John Howe 
Peyton, chief engineer of construction, assist- 
ed by Mr. W. E. Smith, superintendent : of 
construction, and Mr. H. ©. Williams, assist 
ant chief engineer of construction. Mr. W. 
IH. Courtenay, chief engineer, has. charge of 
the preparation of the plans... The section 
from Athens to the junction with the South- 
ern Railway near Decatur is being done by 
company forces under the direction .of Mr. 
Theodore Speiden, Jr., roadmaster, assisted 
by Mr. C. H. Crawford, resident engineer. 
The rest is being done by contract. Mr. W. S. 
Morton, division engineer, is in charge of the 
work from Madison to Lewisburg, with the 
exception of the Radnor yards. Mr. G. W. 
Feagin, division engineer, has the section from 
Lewisburg to Athens, Ala. Mr. T. Q. Har- 
rison, engineer of construction, is in charge 
of the work from Decatur to Birmingham, 
with Mr. Leigh Talliaferro as his principal 
assistant. The work from Paris to Winches- 
ter, Ky., as well as that near completion north 
of Paris, is under the supervision of Mr. H. G. 
Laird, division engineer, while Mr. FE. D. 
Sloan, assistant engineer, has charge of all 
the rest of the Kentucky work, except the Ir- 
vine yard. The Radnor and Irvine yards are 
both under the direction of Mr. E. L. Trow- 
bridge, who is assistant engineer of construc- 
tion, 


MererInG Warer AT ALBANY, N. Y., is 
again recommended in the annual report of 
the Bureau of Water for the year ended Sept. 
30, 1912, The consumption in 1912 averaged 
242 gal. per capita daily. 
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Micro-Organism Troubles and Mechanical Filters 


Paper, Slightly Condensed, Presented before American Waterworks Association at Minne- 
apolis by Frederick H. Stover, Bacteriologist and Chemist, Louisville Water Company 


The chief functions of water filters being 
the removal of bacteria and suspended matter 
the natural inference would be that the opera- 
tion of the plant would be easiest at the times 
when these substances are present in least 
amount. Many filter superintendents, how- 
ever, find that such is not always the case 
and that warm weather and clear water bring 
troubles peculiarly their own. The usual 
symptoms of these troubles are marked short- 
ening in the length of the filter runs and the 
prevalence about the filter beds of a pro- 
nounced odor, varying from “grassy” to 
“fishy” in nature. Microscopical examination 
of the water at such times usually reveals the 
presence of numerous minute forms of the 
type generally classified by waterworks men 
as “micro-organisms,” which, in the waters of 
the Ohio River, are principally diatoms, with 
a few algae and miscellaneous forms present. 

These organisms are usually accompanied 
by considerable amounts of very fine floccu- 
lent, amorphous matter, which, in part at 
least, is probably the result of bacterial action 
upon various organic substances. Since it is 
often present in increased amounts when these 
micro-organisms abound, it is extremely likely 


that part of it is also due to the activities of. 


these forms. 

The river water at such times usually has a 
turbidity of less than 30 parts per million and 
frequently as low as 5 to 10 parts per mil- 
lion, while the bacterial count will vary 
from 300 to 3000 at the lower turbidities. 
These periods of clear water are coincident 
with the periods of least rainfall, and the river 
falls to its lowest stages during these times. 
These conditions of clear, warm and shallow 
water, abundant sunlight and sluggish current 
afford these micro-organisms the most favor- 
able conditions for development and their 
numbers increase rapidly at such times. 

‘At Louisville the water is pumped from the 
river into two reservoirs having a total capa- 
city of 100,000,000 gal., and which allow of 
about four days’ natural sedimentation before 
the coagulant is added. As these are simply 
open basins the organisms, in some cases, in- 
crease while passing through them, but the 
greater depth of water, 20 ft., renders the con- 
ditions somewhat less favorable than would 
be encountered in the shallower parts of the 
river. 

Of the varieties of micro-organisms found 
in the water about 75 per cent are diatoms, the 
remainder belonging to the algae and miscel- 
laneous groups. The forms of diatoms most 
commonly present are asterionella, synedra 
and melosira. It is only with waters of low 
turbidity that these troubles occur and then 
in marked degree apparently only when the 
number of organisms present exceeds 200 to 
300 per cubic centimeter. 

At these times the turbidity which is present 
consists of extremely finely divided particles 
and it is the opinion of Mr. Stover that each 
of these factors, micro-organisms, amorphous 
matter and fine turbidity, does its share in the 
shortening of the filter runs. 

Low turbidities, averaging about 30 parts 
per million, occurred during the latter 10 days 
of September, 1912, at which time the water 
contained very few organisms and very little 
amorphous matter. During the first 20 days 
of this month filter runs averaged 40 hours 
between washings, while for the latter third 
of the month, when using this water of less 


turbidity, they dropped to an average of 25 
hours, a decrease of 38 per cent. 

With these very low turbidities it becomes 
increasingly difficult to secure a floc of proper 
size and consistency, and as a result the sus- 
pended matter is able to penetrate more deep- 
ly into the sand layer than under normal con- 
ditions. In the absence of any considerable 
number of organisms of amorphous matter 
this shortening of the filter runs was at- 
tributed to the fine turbidity alone. 

Early in May, 1913, a gradual shortening 
of the filter rums was observed and micro- 
scopical examination of the water showed 
only from 20 to 30 organisms per cubic centi- 
meter. Amorphous matter, however, was pres- 
ent in large amount and continued so for sev- 
eral days, the length of the filter runs decreas- 
ing from 30 to 11 hours in a period of g days, 
although the number of organisms present dur- 
ing this time never exceeded 200 per cubic 
centimeter and remained during most of the 
period considerably below this figure. An in- 
stance of the combined effects of all three 
factors was observed between the dates of 
May 9 and 24. 


GENERAL Errects Upon FILTERS 


The first sign of approaching trouble is 
usually noticed after using for several days 
a water having a turbidity of about 30 parts 
per million or less when a progressive de- 
crease in the length of the runs commences. 
Filters which have been making 30-hour runs 
without reaching over 4 or 5 ft. loss of head 
will drop to 25 or 20 hours inside of a couple 
of days and will reach a maximum loss of 
head of 8 ft. in this time. In other cases suc- 
cessive runs will show a decrease of 25 to 50 
per cent., especially as the runs drop below 25 
hours, when the decrease has sometimes been 
so rapid that at the end of a few days the best 
runs would average only 2 to 3 hours in 
length. 

At such times the surface of the sand in 
the filters seems to become abnormally hard 


and compact in a short time, and when broken ' 


up the sand grains show a slight tendency to 
stick together. This condition cannot be 
wholly corrected even by thorough washing. 

Microscopic examination of the sand when 
in this condition usually reveals the presence 
of numerous diatoms and other organisms, ap- 
parently cemented together in a matrix of 
amorphous matter and fine turbidity. These 
living organisms, it is believed, accelerate the 
formation and retention of this gelatinous 
film on the sand grains. In support of this 
may be mentioned the following: During the 
period from May 19 to June 14, 1911, the num- 
ber of micro-organisms in practically all the 
samples examined was about 600 per cubic 
centimeter, the variations from this number, 
except in one instance, being so slight that it 
may be said to have remained practically con- 
stant. Yet during this period the length of 
the filter runs steadily decreased, until appli- 
cation of copper sulphate was made on May 
26, following which there was a general in- 
crease in the length of the runs for a period of 
6 days. 

The only observable difference in the water 
coming to the filters during this period was 
that it contained dead instead of living organ- 
isms. The amount of turbidity and amorphous 
matter and the number of organisms were prac- 
tically unchanged, the shortening of the runs 


having been apparently due to the cumulative 
effects of a constant number of organisms. 

A similar increase in the length of the runs 
has also been observed when the organisms in 
the water died, apparently from natural 
causes. The rise between June 6 and 8 is at- 
tributed to this cause, for at this time the ef- 
fect of the copper su'phate treatment of May 
26 was at an end and the higher turbidity of 
June to and 11 had not yet arrived. During 
the times that the turbidity curve remains ap- 
proximately constant the increases and de- 
creases in the length of the filter runs follow 
quite closely the variations in the number of 
micro-organisms present. 

The decreases in the length of the filter runs 
of course cause correspondingly large in- 
creases in the amounts of wash water used. 
During the year 1912 the average amount of 
wash water used at Louisville was 2.05 per 
cent—the lowest average for any one month 
being 1.44 per cent. During the periods of 
shortened filter runs, however, the amounts 
will vary from 6 to 10.7 per cent. 


Meruops oF TREATMENT 


The methods of treatment tested have been 
of three kinds—killing by chemicals; at- 
tempted removal by increased coagulation, 
and obtaining a different character of water, 
as in by-passing the sedimentation basins and 
drawing direct from the river. 

-The use of hypochlorite of lime for this pur- 
pose had been considered early in 1911, but be- 
fore an opportunity offered for a trial of it 
some results of its usé in this way were pub- 
lished by Mr. J. W. Ellms, of Cincinnati, in 
the spring of 1911. His experiments were 
attended by some success, but the results were 
not all that could be desired. One of his con- 
clusions was that the nearer the hypo was ap- 
plied to the filter beds the better the results in 
increasing the length of the filter runs, and 
that hypo applied directly to the filter beds 
gave the best results of all. 

Not being equipped with devices for apply- 
ing hypo accurately as a continuously fed so- 
lution, it was decided to apply it as a powder 
to one of the filter beds. This was done by 
draining off the filter until about 3 in. of 
water remained on it and scattering the 
powder uniformly over the surface, after 
which the bed was allowed to stand for a 
period of 24 hours. It was then washed and 
put into service. 

No improvement in the length of the runs 
followed this treatment, and the bacterial effi- 
ciency of the bed for several days following 
was much below normal. The amount of hypo 
used was 12 lb. on a filter 30 x 72 ft. in size. 
No further experiments were made with the 
hypo. ‘ 

Use oF Coprer SULPHATE 


With the copper sulphate applications 
markedly favorable results have been secured 
in all but one instance, and even in this case 
the results cannot be said to have been nega- 
tive, as the runs were kept at 6 hours and 
above under conditions when much lower ones 
might have been expected, and _ probably 
would have occurred had not the copper been 
used. The minimum length of runs reached 
at this time was 5 hours, which occurred 9 
days after this dosing. 

Within 24 hours after the application of the 
copper there was in each instance a noticeable 
increase in the length of the filter runs and 
that these lengthened runs continued for pe- 
riods varying from 8 to 19 days in length. 

The copper was applied in the second sedi- 
mentation basin and in the coagulant basin 
by dragging bags of it from a boat. It is 
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probable, however, that equally good results 
could be obtained by applying it as a solution, 
in a manner similar to that by which alum or 
hypo are applied. 

In plants not provided with sedimentation 
basins, but which run the incoming water di- 
rect to coagulant basins, at least 12 hours 
should be allowed between the application of 
the copper and the filtering of the water and 
a slightly longer period would be desirable if 
possible. 

The accompanying table shows the cost and 
amount of the chemical used in the various 
treatments were as follows: 


necessary for bacterial efficiency was tried 
but did not give results of a promising nature. 
Doubling the normal dose of coagulant in- 
creased the removal of the organisms by only 
ro per cent and had very little effect on the 
runs. 

The use of river water direct to coagulant 
basins was tried in two instances, and in both 
cases gave encouraging results, although in 
each case an increase in turbidity followed 
within a few days and thus left no opportun- 
ity to see how long this improvement would 
have lasted. 

In addition to the regular determinations of 


AMOUNT AND Cost oF Copper SULPHATE TREATMENT 


Effects 

7—CuSO, Used——_, lasted 

Date Pounds P.p.m. (Days) 
ug! 20S TOUO ie ne ean ace 650 1S 19 
Miciyae co Amik Ouulverstoesteletn escte VEN) 1.3 10 
ee Se el OUS iy ete eae caine oP 1000 diez 9 
ame, 10, 192 wie yee 625 1.2 9 


*At $30 per million gallons. 


Some of these doses may seem rather large 
to those who have used this means for 
eliminating algae from a supply but it has 
been the experience of the writer that the 
diatoms offer rather more resistance to the 
action of copper than do the algae. It should 
also be borne in mind that from the reservoir 
to which this copper was applied about half 
the contents are drawn off daily. Theoretical- 
ly there would be an entirely new supply of 
water in the reservoir every two days. Prac- 
tically, on account of cross currents and other 
influences it takes much longer than this and 
the doses were effective over periods varying 
from 8 to 19 days. 

Usually the length of the filter runs would 
begin to increase in from 12 to 24 hours after 
the application of the copper, and the bene- 
ficial effects lasted for the periods mentioned 
above. Hence in figuring the cost per million 
gallons filtered the cost was apportioned over 
the amount of water filtered during the period 
of increased runs following the application of 
the chemical. 

A careful examination of the water from the 
basins, both as it flowed to the filters after 
coagulation and again after filtration, failed 
to reveal the presence of even a trace of cop- 
per. There were numerous fish in the reser- 
voir, but except in the cases of a few very 
small and apparently newly hatched ones, 
practically none was killed. During and for 
a few hours subsequent to the application of 
the copper a few large fish were observed to 
come to the surface for a short time, acting 
slightly dazed, but it was apparently a tem- 
porary effect only. 

The only drawback to the application of the 
copper is that a large increase of bacteria has 
been observed to follow its use, but this may 
be in some measure due to local conditions 
and need not necessarily be met with in other 
waters. 

The explanation of this bacterial increase is 
probably that the killing of the micro-organ- 
isms and possibly some of the less resistant 
bacteria leaves some of the hardier forms in 
the midst of an abundant food supply and 
freed for the moment from any antagonistic 
effects of other forms. Hence a rapid in- 
crease follows for a short period. No B. coli 
were detected during this time, however, and 
it was found that the application of 0.25 part 
per million of available chlorine was sufficient 
to eliminate this increase, so that in plants 
provided with a sterilization plant this in- 
crease can be readily taken care of if it 
occurs. 

The removal of the micro-organisms by in- 


creasing the dose of coagulant beyond that 


Total -—Cost per mil. gal._, *Value wash 
cost Dosed Treated water saved 
$31.20 $0.50 $0.065 bc 
36.00 0.52 0.104 $149.76 
49.00 0.70 0.217 228.50 
30.60 0.49 Rasa k= ee Ges 


micro-organisms and amorphous matter, the 
determination of the actual time of filtration 
of a given volume of the water under investi- 
gation has been found of yalue. This has 
been done by using what may be termed a min- 
iature filter. In order to expedite matters the 
Sedgwick-Rafter filter, which is commonly 
employed to concentrate micro-organisms be- 
fore counting, was used, and thus all the de- 
terminations were made by the use of one 
sample. 

In the river samp!e of June 21, 1912, it was 
observed that the time of filtration of 500 cu. 
em. through the Sedgwick-Rafter filter was 
only one hour as compared to about three 
hours for the water, which was coming from 
the sedimentation basins. The river sample 
contained about the same number of organ- 
isms, but much less amorphous matter than 
the sedimented sample. 

The sedimentation basins were therefore 
by-passed and the river water run direct to 
the coagulant basins, An immediate increase 
in the length of the runs followed; the in- 
crease was from 5 to 9 hours in the following 
3 days. A rise in turbidity occurring at this 
time put the runs back to normal. 

The samples on which the time of filtration 
was noted were simply poured onto the small 
filter just as for an ordinary examination for 
micro-organisms, care being taken to use ex- 
actly the same amounts of sand and water in 
each instance. When the turbidity of the wa- 
ter exceeds 50 parts per million these small 
filters clog rapidly and this determination be- 
comes of no value. This test has one advan- 
tage, however, in that it can be made by a 
person not familiar with micro-organism work 
and it does not require the use of a micro- 
scope. 

SUMMARY 


The water of the Ohio River, when of a 
turbidity below 30 parts per million, almost 
invariably causes decreases in the length of 
the filter runs. If such turbidities are accom- 
panied by micro-organism and much amor- 
phous matter, still greater decreases follow. 
Filter runs may be greatly increased by the 
judicious use of copper sulphate, although 
after-growths of bacteria sometimes follow its 
application and must be guarded against. 
Small doses of hypochlorite of lime do not 
affect these micro-organisms in such a way as 
to increase the length of the filter runs. The 
determination of the time of filtration of sam- 
ples of water through small laboratory filters 
will in some instances enable the operator to 
select the water from that point of his system 


‘which will give the longest filter runs. 


Tests of Road-Building Rocks 


Since the road-material testing laboratory 
was established in the U. S. Department of 
Agriculture in 1900 several thousand tests 
have been made on samples of rock submitted 
from this and foreign countries. The records 
of the tests furnish an opportunity not only 
for comparing the wearing qualities of differ- 
ent kinds of rock but also for determining the 
relative values of three primary tests for this 
quality—the Page impact test for toughness, 
the Deval abrasion test and the Dorry hard- 
ness test. A comparison of this nature was 
made in a paper, of which this article is an 
abstract, presented before the American So- 
ciety for Testing Materials at the Atlantic 
City meeting by Mr. Logan Waller Page, di- 
rector of the Office of Public Roads. 


HarpDNESsS vERSUS ToUGHNESS TEST 


The relation between the qualities of hard- 
ness and toughness is best seen by reference to 
Fig. 1, on which are plotted the results obtained 
from the tests of 1538 samples of different 
kinds of rocks. The Dorry hardness coeffi- 
cients are plotted as ordinates and the values 
for toughness as determined by impact tests as 
abscisse. The results are plotted using all 
of the tests performed up to Jan. 1, 1911. The 
individual results for hardness are averaged 
for the different values of toughness and the 
averages are shown in large circles, which are 
the gravity centers of the small circles. The 
solid line very closely approaches the points 
marked by the large circles. 

Reference to the plotted points will show a 
very definite relationship between the proper- 
ties of hardness and toughness. It will be 
seen that as the toughness of a rock increases 
the hardness likewise increases, with the in- 
crease in hardness occurring at a rapid rate 
for low values of toughness and very slowly 
for the higher toughness values. When the 
toughness is low, a very considerable deviation 
of the individual from the average hardness 
results will be noted. On the other hand, 
when the toughness is high, the individual re- 
sults for hardness more nearly approximate 
the average results. A very important fact to 
be noticed is that when the toughness is high, 
the hardness is invariably quite high. On the 
other hand, when the toughness is low, the 
hardness may be either high or low. It would 
seem, then, that although high hardness invari- 
ably accompanies high toughness, high tough- 
ness does not necessarily accompany high 
hardness. Another important point is the fact 
that when a rock has an average value for 
toughness, its hardness is likely to be of aver- 
age value, or at least it will not be of unduly 
low magnitude. From a consideration of these 
facts it is apparent that a toughness test might 
be used for a quick determination of the road- 
building qualities of a rock to the exclusion of 
the hardness test, although the reverse is not 
true, since it is possible for a rock to have very 
high hardness and at the same time be of ex- 
tremely low toughness. 

The relation between average hardness and 
toughness may be expressed mathematically as 
follows: 

(Hardness — 20)* & (Toughness — 2.2) = I00 
or 


Hardness = 


20 — 10 + VToughness — 2.2 


This equation expresses quite accurately the 
relation between the average values for hard- 
ness and toughness, but for low values of 
toughness it has no usefulness because of the 
wide deviation of the individual from the aver- 
age results. However, for high-toughness 
values the hardness of a rock may be calcu- 
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lated with reasonable certainty, knowing the 
toughness. The assumption that a rock having 
infinite toughness will have the highest possi- 
ble hardness coefficient, 20, was used in deriv- 
ing the above equation. This seems to be a 
reasonable assumption in view of the tendency 
of the hardness to increase with increasing 
toughness. The equation was likewise made 
to satisfy the average ordinates on the curve. 


ABRASION VERSUS Impact TEST 


The relation between percentage of wear 
and toughness is plotted in Fig. 2 As in the 
previous curve, the ordinates are averaged, 
and the average values are plotted in large cir- 
cles. In general, it will be noticed that the 
percentage of wear decreases as the toughness 
increases, at a rapid rate for low values of 
toughness and slowly for high values of tough- 
ness. The relation between the average values 
of hardness and toughness may be expressed 
as follows: 

(Percentage of Wear)* X Toughness = 158. 

The individual results for percentage of 
wear deviate considerably from the average 
results for low values of toughness. For high 
values, however, the deviation is not so seri- 
ous. A rock with high toughness almost 
always has low values for percentage of wear, 
whereas a rock:of low toughness may be either 
high or low‘in percentage of wear. The above 
relation, therefore, might be used to estimate 
approximately the percentage of wear of a 
rock when the value of the toughness is known, 
provided the ‘toughness is high. It is impossi- 
ble, however, to calculate the toughness when 
the percentage of wear is known. This equa- 
tion was derived under the assumption that a 
rock of infinite toughness would have zero for 
a percentage of wear and a rock of zero tough- 
ness would have a high percentage of wear. 
At the same time the equation was made to 
satisfy the average of the plotted points. 


ABRASION VERSUS HARDNESS TEST 


In the relation between the percentage of 
wear and hardness it was not considered that 
a curve of averages would indicate anything 
of value in view of the wide distribution of the 
individual results over the plot. When the 
relations already given between hardness and 
toughness and the percentage of wear and 
toughness are combined there results a rela- 
tion between percentage of wear (W) and 
hardness (H) expressed as follows: 


W = / 6320 H — 63200 — 158 H? 
=A4/  88H—980—22H 
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Fig. 1—Relation between Hardness and Toughness of Road-Building Rocks 


This equation expresses quite accurately the 
relation between the average values for per- 
centage of wear and hardness, but it can be of 
no practical value in view of the wide devia- 
tion of the individual results from the average 
results. The relation between percentage of 
wear and hardness does not seem to be as defi- 
nite as that between the percentage of wear 
and toughness and hardness and toughness. 

The above relations seem to indicate that 
when the toughness of a rock is known the 
hardness test is one that might well be omitted, 
since high hardness in the rocks ordinarily 
used for road building accompanies high 
toughness. The wearing qualities of a rock 
nught be determined very definitely either by 
means of the toughness test or with the Deval 
abrasion test. The toughness test, in view of 
the small sample required, is perhaps a cheaper 
test to perform than the abrasion test. The 
abrasion test has the somewhat doubtful ad- 
vantage of requiring the use of larger and 
better averaged samples than the toughness 
test, although even this advantage may be off- 
set by using a sufficient number of specimens 
in testing toughness. Judging from the fore- 
going considerations it is the writer’s opinion 
that the prime quality to be determined in a 
road-building rock is that of toughness. The 
resistance to wear might also be obtained as 
very useful information, whereas the hardness 
test is of least value and might be omitted. 


Percentage of Wear 


2 S55 
Bae: 
WRAL 
BES: 

RRR e Eee 


16 


Toughness. 
Fig. 2—Relation between Percentage of Wear and Toughness 


Street-Car Operation on Heavy 
Grades in Severe Weather 


As a means of relief from street-car con- 
geStion in one part of the city of Winnipeg 
it was proposed to divert some of the cars to 
a certain crossing over the Canadian Pacific 
Railway. This plan was opposed by the street- 
railway company on the ground that the ex- 
cessive approach grades—found to be in each 
case 7:1 per cent for upward of 400 ft.—would 
make operation of cars over them dangerous. 
Investigation was made of problems similar as 
to grades and climatic conditions in other 
cities. 

In Duluth, Minn., it was found that cars 
operate on a five-minute headway on an 8.73 


per cent grade for more than 400 ft., the cars’ 


turning at the bottom of the grade into the 
principal street in the city. On another street 
they negotiate 800 ft. of continuous grades 
averaging steeper than 7.6 per cent. On these 
lines the only accident in five years was in the 
summer, during good rail conditions. The 
company has rigid rules as to operation on 
the grades, and has the rails salted and sanded 
by a special man during bad weather. 

In Minneapolis cars operate over a 7 per 
cent grade, the same care being taken of the 
rails. In Milwaukee both city and heavy in- 
terurban cars operate over 300 ft. of an 87 
per cent grade. 

The foregoing is abstracted from the pre- 
liminary report of Mr. R. M. Feustel, ap- 
pointed by the Manitoba Public Utilities Com- 
mission to inquire into the question of street- 
railway transportation and matters incidental 
thereto in Winnipeg. 


TesTiInG oF Larce Scares by the Bureau 
of Standards of the U. S. Department of 
Commerce has been made possible by a Con- 
gressional appropriation for the purpose. 
This appropriation will be used to supply an 
equipment which will serve to provide means 
for testing scales, and will assure official 
standards heretofore lacking. A car will be 
furnished for housing and transporting the 
equipment proper, which will include eight 
10,000-lb. weights,’ four 2500-lb. weights, and 
numerous smaller ones, making a total of 
more than 100,000 Ib. Auxiliary equipment 
will include a motor truck for hauling the 
weights, a crane for handling them, a gaso- 


‘line engine for supplying power, and sundry 


smaller appurtenances. 


———————— 
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in Norwalk, 


Connecticut 


Ten Reinforced-Concrete Spans and One Double-Leaf, 


The bridge now under construction in the 
line of Washington Street, South Norwalk, to 
carry highway and electric-car traffic across 
the Norwalk River has a total length, ex- 
clusive of paved approaches, of about 965 ft., 
an overail width of 60 ft., and a maximum 
clear height at center of roadway of 13.5 ft. 
above the mean high tide. It has two side- 
walks and a 40-ft. paved roadway, with two 
electric-car tracks graded up from both ends 
to the center of the bascule span at a slope 
of 0.5 per cent, except for a short distance 
where there is a maximum slope of 3.5 per 
cent, 

The 
nearly 


axis of the bridge is a straight line 
coincident with the south edge of the 


Can 
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Elevation of Typical Fixed Spans a 


old pile-and-timber trestle bridge with a swing 
“span and a width of about 35 ft. The old 
swing span, about 160 ft. long over all, had two 
clear openings of about 60 ft. each, which 
will be replaced by a single clear opening of 
7o ft., on the same transverse center line. 
Part of the old approach trestle will be utilized 
in the approaches for the detour bridge and 
the remainder of the old structure will be re- 
moved, traffic during construction being main- 
tained on an adjacent parallel by-pass tempo- 
rary bridge with a 15-ft. roadway and a 4-ft. 
sidewalk. 
The bridge is designed for a floor load of 
40-ton electric cars on each track, or a 12-ton 
truck on any part of the roadway, and 100 
lb. per square foot of surface not occupied by 
cars or truck. The girders are designed to 
carry the same car.and track loads as the 
floor system, combined with 80 lb. per square 
foot on surface not occupied by cars. In ad- 


FRemforcement 
Frods omitted 


Bascule, Plate-Girder Span 


dition the bridge is proportioned so that it will 
carry 50-ton cars with safety. 

The bascule span is flanked on each side by 
one 60-ft. 7-in. fixed span, beyond which on 
the west there is one 40-ft. and one 31-ft. 3-in. 
fixed span, On the east there are six 50-ft. 
fixed spans; besides which there are at both 
ends concrete side-wall retaining approach 
fills, which at the east end are partly carried 
on pile and concrete supports. 

The bascule piers are hollow and are sup- 
ported on vertical piles, The fixed-span piers 
are solid and are supported on battered piles 
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trusses designed to be self-supporting during 
erection, The trusses are proportioned to carry 
all shear in excess of that provided for by the 
concrete, but they are not proportioned to 
carry all of the tension developed by the 
bending moment, part of which is provided 
for by horizontal tension rods embedded in the 
concrete adjacent to the top chords of the 
trusses. The outside ribs, although of the 
same depth as the intermediate ones, are made 
thicker than the latter, their reinforcement 
trusses having box-shaped top and bottom 
chords and a greater transverse width than 
the trusses of the intermediate ribs, which 
have T-shaped top and bottom chords. 

The ribs are connected at half and quarter 
span points by ro x 28-in, reinforced-concrete 
beams flush with the top flanges of the ribs. 
The beams have downward extensions at the 
ends, forming kneebraces with the rib con- 
crete. At the abutments and piers the ribs 
are connected by full-depth vertical transverse 
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driven through mud to a considerable penetra- 
tion in gravel. All piers are of concrete, 
faced, between high and low tide, with granite, 
and have footings carried below the bottom of 
the river and reinforced with longitudinal and 
transverse rods just above the tops of the 
piles, which penetrate the concrete 6 in. and 
are protected against scour by riprap. 


Fixep SpANS 


All of the fixed spans are of arched con- 
struction, the alternate ones consisting of two 
cantilever semi-spans anchored to the adjacent 
full spans and made continuous with them over 
the pier centers. This makes the construction 
continuous in sections of maximum length of 
too ft., and provides transverse expansion 
joints at moderate intervals. Each span has 
eight arch-like ribs or girders of rectangular 
cross-section, which in the 5o-ft. spans are 
4 ft. 5% in. deep at the crown and of variable 
depth, vertically, at 
the skewback lines. 
Four lines of these 
ribs are 
under the track rails, 
and all are rein- 
forced by steel 
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nd Bascule Span, Showing Old Drawspan in Dotted Lines 


concrete walls 9 in. thick, reinforced by verti- 
cal and horizoutal rods in both surfaces. In 
one panel at each abutment the lower portion 
of the wall is removed to leave an arch-shaped 
opening of nearly the full width and about half 
the height of the panel. 

The roadway is carried on a slab of rein- 
forced concrete 8 in. or more thick, supported 
by the ribs, the curbs and the transverse beams. 
The transverse beams serve also as struts and 
as anchorages for the cantilever sidewalk 
brackets. The slab is continuous and is re- 
inforced by longitudinal and transverse rods 
Y% in. in diameter. The upper surface has 
longitudinal recesses with anchor bolts cast in 
them to secure the rails which are set on I-in, 
mortar beds. 

The sidewalk slabs, which are 6 in. thick, 
are carried partly by the curbs, which are in- 
tegral with them and with the roadway slabs, 
and partly on two longitudinal reinforced-con- 
crete joists supported by reinforced-concrete 
brackets which cantilever beyond the outer 
faces of the outside ribs. The sidewalk slabs 
are reinforced by transverse rods 3 in. in 
diameter and by similar longitudinal rods or 
equivalent wire mesh of equal weight. The 
ribs and floor slabs are made of 1:2:4 Port- 
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Truss for Ribs under Tracks 
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Transverse Sections, Showing Arch Ribs, Transverse Walls and Braces, and Details of Roadway 
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land cement concrete with broken stone or 
washed gravel from 1% in. to I in, in diameter. 
The solid reinforced-concrete parapets are 
paneled; their posts over the pier centers carry 
lamp fixtures. 

Each bascule pier has two legs of 1:2%:5 
concrete joined by two reinforced-concrete 
struts of 1:1%4:3 concrete, and incloses a 
counter-weight pit. They are designed to 
resist maximum overturning loads or 20 tons 
on the extreme foundation piles. On the south 
side of the east bascule pier there is a concrete 
platform connected by concrete stairs to the 
sidewalk and by a wooden gangway bridge 
with a float or landing platform for small boats. 

The bascule span will have a roadway pave- 
ment of wooden blocks and plank sidewalks. 
It can be operated in one minute by power 
furnished by the town’s electric plant or in 
five minutes by hand power. The electrically 
operated safety gates controlled from the 
operator's house will be so interlocked with 
the bascule leaves as to prevent opening until 
the leaves are closed and locked. All machin- 
ery except the hand machinery for emergency 
operation of the bascule leaves will be con- 
trolled from the operator’s house, which will be 
of concrete construction, supported on steel 
brackets incased in concrete and projecting 
beyond the north side of the bridge at pier Io, 
adjacent to bascule pier 9. All electric wires 
on the bridge are carried in fiber conduits in- 
cased in concrete. 

The reinforced-concrete retaining walls for 
the east approach fills have L-shaped cross- 
sections, with inside buttresses 10 ft. apart and 
g in. thick, bracing the vertical portions to the 
trough-shaped footings that are seated on 
foundation piles. To prevent displacement of 
the soft mud under the weight of the fill on 
the east approach, the latter is carried on a 
reinforced-concrete slab supported on wooden 
piles. The fill above it is ccinposed of sand 
and gravel, in which are built solid concrete 
footings for the posts carrying the trolley 
wires. 


The total estimated cost of the bridge, in-- 


cluding right-of-way and all construction and 
overhead charges, is about $400,000. Designs 
were made by and construction is under the 
supervision of Mr. J. E. Greiner, of Baltimore, 
consulting engineer for the Bridge Committee. 
Contracts were awarded on March 28 to Mc- 
Harg, Barton & Company, of New York, for 
the construction of the reinforced-concrete 
bridge, to the Scherzer Rolling Lift Bridge 
Company, of Chicago, for the bascule bridge 
superstructure, and to Mr. Donald F. Toomey, 
of New York, for paving on the bridge and 
approaches. 


EARNINGS FROM WATER PoweER generated 
by the hydroelectric station forming part of 
the Wachusett dam of the Metropolitan Water 
Board of Massachusetts amounted to a net 
sum of $21,470 for the year 1912, according 
to Chief Engineer Dexter Brackett’s annual 
report. The total quantity of energy gene- 
rated was 5,741,588 kw-hours and 26,393,100,- 
ooo gal. of water under an average effective 
head of 90.8 ft. were used. The gross receipts 
from the sale of power were $30,465.66, and 
the cost of operating the station was $8,995.66, 
including an item of $2,675 for taxes. The net 
earnings per 1000 kw-hours generated were 
$3.74. Nearly all of the current was deliv- 
ered to the Connecticut River Transmission 
Company under a 5-year contract which went 
into effect on Oct. 2, rg11. Mr. Brackett’s 
report states that under all conditions the 
plant has given excellent service, with only 
an occasional minor trouble, which has been 
immediately remedied. 


Statistics of Steam Railways in the 
United States 


A preliminary abstract giving statistics of 
the steam railways of the United States for 
the fiscal year ended June 30, 1912, has been 
issued by the Interstate Commerce Commis- 
sion. <As these figures do not include returns 
for switching and terminal companies, nor for 
carriers having gross operating revenues for 
the year of less than $100,000, they may be 
somewhat modified by revision before they are 
presented in the full report. 

Mileage-—The aggregate mileage of tracks 
of all kinds covered by operating returns for 
these roads was 360,714.24 miles. This was 
thus classified: Single track, 240,238.81 miles; 
second track, 24,929.51; third track, 2511.76; 
fourth, fifth, and sixth tracks, 1783.97; yard 
track and sidings, 91,250.19. These figures in- 
dicate an increase of 8925.52 miles over corre- 
sponding returns for 1911 in the aggregate 
length of all tracks, of which increase 3167.43 
miles, or 35.49 per cent, represent yard track 
and sidings. 

Equipment.—tThere were 61,250 locomotives 
in service on June 30, 1912, an increase of 979 
over the previous year; 14,206 were passen- 
ger, 36,000 freight, 9475 switching, and 969 
unclassified. 


The total number of cars was 2,368,658, or - 


25,245 more than on June 30, 1911. This 
equipment was thus assigned: Passenger serv- 
ice, 50,606 cars; freight service, 2,203,128; 
company’s service, 114,924. 

Of the cars in freight service, there were 
classified 2,202,966, as follows: 


g Aggregate 
Description Number capacity, 
tons 
. 1,002,461 33,975,288 
146,050 4,990,796 
76,392 2,333,976 
852,720 36,588,734 
7,795 310,348 
RetrineratOr gsc stin knee we < e 30,681 950,530 
Other cars in freight service.... 86,867 3,498,287 
FRG tl ste th Sera See ok Se ee ails 2,202,966 82,647,959 


The average number of locomotives per 1000 
miles of line was 255, and the average num- 
ber of cars per 1000 miles of line, 9860. The 
number of passenger-miles per passenger loco- 
motive was 2,263,019, and the number of ton- 
miles per freight locomotive was 7,077,428. 

Employees—The total number of persons 
on the payrolls of these steam roads on June 
30, I9I2, was 1,699,218, or an average of 707 
per 100 miles of line. As compared with 
corresponding returns for June 30, 1911, there 
was an increase of 45,987. There were 63,558 
enginemen, 66,408 firemen, 49,051 conductors, 
135,959 other trainmen, and 39,530 switch 
tenders, crossing tenders, and watchmen. 

The complete report will include summaries 
showing the average daily compensation of 


eighteen classes of employees for a series of 
years, and also the aggregate amount of com- 
pensation reported for each of the several 
classes. The total amount of wages and sal- 
aries paid to railway employees during the 
year for the roads under consideration was 
$1,243,113,172. 

Capitalization—On June 30, 1912, the par 
value of the amount of railway capital out- 
standing was $19,533,750,802. This amount 
includes capital held by the railway companies 
concerned as well as by the public. Of the 
total capital there existed as stock $8,469,500,- 
687, of which $6,882,813,008 was common 
and $1,586,747,679 was preferred; the remain- 
ing part, $11,064,190,115, representing funded 
debt, consisted of mortgage bonds, $8,019,700,- 
886; collateral trust bonds, $1,279,128,266; 
plain bonds, debentures and notes, $1,067,567- 
350; income bonds $263,441,054; miscellaneous 
funded obligations, $116,170,300; and equip- 
ment trust obligations, $318,182,259. 

Of the total capital stock outstanding $2,- 
909,693,873, Or 34.35 per cent, paid no divi- 
dends. The amount of dividends declared 
during the year (by both operating and non- 
operating companies) was $400,432,752, being 
equivalent to 7.20 per cent on dividend-paying 
stock. The average rate of dividends paid on 
all stocks outstanding pertaining to the roads 
under consideration was 4.73 per cent. No in- 
terest was paid on $808,464,701, or 7.52 per 
cent, of the total amount of funded debt out- 
standing (other than equipment trust obliga- 
tions). 

Investment.—The expenditures for additions 
and betterments, as well as the expenditures 
for’ new lines and extensions, during the fiscal 
year 1912 are analyzed in the tabulated state- 
ment at the bottom of this page. 

Public Service—The number of passengers 
carried during the year was 994,158,591, an in- 
crease over the previous year of 6,447,594. 
The number of passengers carried one mile 
was 33,034,995,806. The corresponding return 
for I9II was 73,465,336 more. The number 
of passengers carried 1 mile per mile of road 
was 139,350, as against 142,859 for the pre- 
ceding year. 

The number of tons of freight reported as 
carried (including freight received from con- 
nections) was 1,818,232,193, while the corre- 
sponding figure for the previous year was 
1,753,189,939, the increase being 65,042,254. 
The ton mileage was 262,955,605,123, an in- 
crease over the returns of 1911 of 9,499,215,- 
886. The number of tons carried 1 mile per 
mile of road was 1,108,578, as against 1,088,- 
314 for the preceding year. The average 
number of tons of freight per train-mile was 
409.29, the corresponding figure for the pre- 
ceding year being 386.17. 

The average receipts per passenger per mile, 
as computed for the year ended June 30, 1912, 


EXPENDITURES FoR ADDITIONS AND BETTERMENTS AND FOR New LINES AND EXTENSIONS 


Tvesmuent= to= Jum] S05. 1912 5.6 os ciesn 2 rece, up bee weal eT eT era ae eae ace ann ane ne Se $15,895,657,969 . 
Investment to. < June 30) L911, 0 :5.05s.5 nieces sisletaie pie le claire minretetn te oracle ree mr cin ie cle ie erainteie ieee se eieaenee 15,518,264,612 
Increase WSLS OVEr LOD o.oo. 26 sis. wiccaivih wise Winns, kal alervete kre je kjetnpie let's lerefateledaal Gaeta aa aie nie ere a he $377,393,357 
Expenditures Expenditures 
for additions for new lines 
an and 
betterments. extensions. 
From cash oc other working assetsic.c)c cass «sir stew tle vielen $187,976,646 $59,872,304 
Rrom -special: appropriations ®s:<:. <3 ss:s0s,c ge alee ele 32,553,291 183,613 
Through issue of securities: <......../siscs seen ee aes 113,592,193 124,498,432 
VMS eed! ha src ila oie: cic 01s ace, br wa laely Care a Renae EES Pata te eae 2,134,855 3,554,933 
PEYOTU, © «scars ies ena 0s as a ep ial Cw by Soca Pate OTe SR RMI ECT Sey a 
336,256,985 188,109,282 
Total. expenditures’ during ' years i. osmevam minty ee eain wale nie stele ye re ne 524,366,267 
: Credits. 
Property retired or converted $67,371,604 ( 
POTS ets L'a oon oin'- = nlbie ole ee Oat Re aR 17,290,466 
Difference between record value of grantor and purchase 
price of grantee in case of roads sold, merged, consoli- 
RROD OE, nessa ccls Sit RW i nin a ogre pte ee CDRS the nn 62,310,840 
0) :) GS MMS SARS 8 ohn AOC AHA tic 4 MISSA Mah sto Uo cchetemoee den 146,972,910 
Netincrease’ during “year. </sch5°s4. 1 srescs- guide etch © ale 0 ole kde aE Tare a Re een ee eee $377,393,357 
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per mile, 0.743 cent. The passenger-service 
train revenue per train-mile was $1.30.404; 
the freight revenue per train-mile was 
$3.04.015. The average operating revenues 
per train-mile were $2.30.201. The average 
operating expenses per train-mile were 
$1.59.544. The ratio of operating expenses to 
operating revenues was 69.30 per cent. 
Revenue and Expenses—The operating 
revenues of the railways represented (average 
mileage operated 237,809.09 miles) were $2,- 
826,917,967; their operating expenses were 
$1,958,963,431. The corresponding returns 
for 1911 (average mileage operated 234,- 
366.14 miles) were: Operating revenues, $2,- 
772,733,828; operating expenses, $1,901,399,- 


Brake Arrangement for Flap Valves 


The design of flap valves for closing the 
mouths of penstocks under high heads has 
received considerable attention from Nor- 
wegian engineers. One of the most important 
requisites is that they shall be proportioned 
to withstand the impact of closing or be pro- 
vided with some devise to prevent impact. In 
a recent issue of “Teknisk Ukeblad” some de- 
signs of flap valves, including those described 
below, were shown. 

Various designs are shown in the accom- 
panying illustrations. In all types illustrated 
the valves are unloaded by a by-pass and 


Standpipe 


General Arrangement and Details of Swiss Disc Valve ; 


475. The following figures present a state- 
ment of the operating revenues from 1912 
in detail: 


MOR eIGM ETE VOHIG 1 cele Rint lee inci elvere kv eee o $1,956,802,927 
IPAssenvel:. LTEVENUC ig stents ee ec wedeesee 657,422,999 


Excess baggage revenue................. 7,473,128 
Parlor and chair car revenue............ 658,800 
Eat CLOURtSte rs Wiss fais d other iv wie eace ava 50,674,758 
POUBECES  LEVCUUE <n ee eelet ck wtp aye rene ne 72,970,758 
Milk revenue (cn passenger trains)...... 8,323,683 
Other passenger revenue................ 5,228,969 
witching revenue. iis sce- ees ee ec eens 29,331,726 
Special service-train revenue............. 2,078,910 
Miscellaneous transportation revenue.... 6,174,062 
Total revenue from operations other than 
GEATISDOTCACLOR sic iecin/sie cus @ ole-d see aie lelele 27,367,678 
ink PACUILES—-GEDILs siamin sinjere ciniaie.v\ejerei wie —918,586 
aint facilities—credit.....0.0ecscsveseese 3,328,155 
Total operating revenues............ $2,826,917,967 


Operating expenses, as assigned to the five 
general classes, were: 


Maintenance of way and structures...... 


i $363,495,583 
Maintenance of equipment......... 


448,303,785 


Traffic expenses. ...¢-..5.5- 60,568,586 
Transportation expenses... 1,013,340,697 
General expenses............. 73,254,780 

Total operating expenses...........+. $1,958,963,431 


With minor eliminations from the figures 
given above, operating revenues per mile of 
line operated (including line operated under 
trackage right) averaged $11,881 and oper- 
ating expenses $8234 for the year. 


Pupsiic PARTICIPATION IN Forest ADMIN- 


ISTRATION is aimed at in a new regulation pro- 
mulgated by the Forest Service of the U. S. 
Department of Agriculture, in which provision 
is made for any association representing a 
majority of the local residents using the na- 
tional forests to send a committee to act vin 
an advisory capacity in settling questions 
which may arise in the districts in which they 
are immediately interested. 


then hoisted by a chain to an angle of more 
than go deg. with the seat. Should it be 
necessary, in case of an accident in the power 
house or in the penstock line, to close the 
gate while the water is flowing at a high 
velocity it is evident that the flap must be 
retarded in some way to prevent its destruc- 
tion. It is not desirable to connect the hoist- 
ing chain to a dashpot filled with oil or 
glycerin located above the water line, because 
the forces are so great as to break any chain 
or pin of reasonable dimensions. Dashpots 
have been installed in a large Swiss plant, but 
so far have not been tested. 

To obviate the disadvantages of the chain 
and dashpot arrangement, Messrs. Borch- 
grevink and Gregersens, two Norwegian 
engineers, have developed the brake arrange- 


SZ SA aS 


ment which was briefly referred to in the 
Engineering Record of March 22, 1913, page 
330, in connection with the description of the 
Samnanger power station. In this design the 
breaking force is automatically created 
around the rim of the gate by means of a 
tapering groove into which the gate seat pro- 
jects. No attempt to brake the gate is made 
until it is nearly closed, when the water in 
the groove must be driven out between the 
valve and its seat through a continually de- 
creasing space. It is evident, that as the space 
between the valve and seat becomes smaller, 
the braking force increases until the maxi- 
mum is reached at the same time as the gate 
is closed. 

The gate is held open by a chain wound 
around a drum. A brake on the drum can be 
electrically released from the powerhouse 
switchboard, thus permitting the valve to close. 

In a number of Swiss plants there are au- 
tomatic balanced gates which close the pen- 
stock as soon as the velocity of the water 
exceeds a given amount. The general ar- 
rangement is shown in one of the accom- 
panying illustrations. The gate is located im- 
mediately below the forebay. The penstock is 
provided with an air vent downstream from 
the seat, so that when the gate closes the 
penstock is emptied of water without shock. 
To prevent the disc from closing too quickly 
a large dashpot is placed on the downstream 
side. The weight of the balancing lever is 
so adjusted that the gate can be made to 
operate at any desired velocity of the water 
in the conduit. 


New Port of Bahia 


The new port of Bahia in Brazil, which 
has been under construction for the past three 
years, will, when completed, according to a 
U. S. consular report, give the city thoroughly 
modern facilities and will accommodate steam- 
ers of all sizes. The new docking quays will 
have a frontage of 2750 ft. and a depth of 
water of 32 ft. A further frontage of 650 ft. 
with a minimum depth of 7 ft. will be pro- 
vided for harbor launches and_ sailboats. 
There will ultimately be fifteen warehouses 
along the quay. Three of these are completed 
and in use; they are of structural steel fin- 
ished with artificial stone, 300 x 65 ft., with 
21,450 sq. ft. of floor space. Twenty movable 


steam cranes will convey the cargoes between 
the steamers and the warehouse doors. 
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Erecting 85-Foot Plate-Girder 
Spans with a Ginpole 


The Hampden Railroad now being built 
from Springfield to Bondsville, Mass., to give 
the Massachusetts Central Division of the 
Boston & Maine Railroad a fast line from 
Springfield to Boston, involves a compara- 
tively large amount of heavy construction, in- 
cluding about sixteen bridges and viaducts, 
among which there is a single track plate-gir- 
der bridge 61 ft. high and 410 ft. long over 
the Swift River and the Vermont Central 
Railroad. The bridge has three 85-ft. main 
deck spans and one 52 and one 72-ft. end 
spans, supported on two center steel towers, 
two concrete piers, and two concrete abut- 
ments. 

On account of the heavy cuts which delayed 
tracklaying, the superstructure had to be 
erected before the grading had reached the 
site, so that the erection had to be carried on 
from the surface of the ground and at a 
height above it precluding the use of derrick 


had been successively erected the foot block 
of the ginpole was shifted over to a position 
on the rails of the service track, and by care- 
ful operation of the guy lines and simultane- 
ous pinching of the foot block the ginpole was 
moved in its erect position about 60 ft. parallel 
to the bridge axis to a location opposite the 
center of the second span and was then moved 
a few feet transversely to a position clear of 
the track on a timber crib built in the river 
to receive it. It was securely guyed and the 
1oo-ft. girders, weighing 40 tons each, were 
successively delivered to it, hoisted to the re- 
quired height, swung transversely to position 
in the required vertical planes by slacking off 
on the back-stay guys, and lowered to their 
seats on the tower by slacking off the hoist- 
ing tackle, after which the ginpole was moved 
in the same manner as before to position for 
erecting the second and third 100-ft. spans. 
The position of the ginpole for erecting the 
third span was within reach of the guy derrick 
by which the steel had been unloaded from 
the railroad, and this derrick was used for 
taking down the ginpole. The hoisting tackle 


of Mr. Oren E. Parks, general manager of 
the Waronoco Construction Company. The 
superstructure of the bridge was fabricated 
and erected by Louis F. Shoemaker & 
Company, 


Illinois Road Law 


The Illinois road law, which received the 
signature of Governor Dunne a short time 
ago, provides for the construction of the main 
roads in the state by state aid, the unit for 
local control being the county, and the ex- 
pense of the road construction being borne 
equally by county and state. 
which provided for a state-highway depart- 
ment with an unpaid highway commission, has 
been entirely rewritten. The new law estab- 
lishes a state-highway department, consisting 
of three commissioners at a salary of $3500 
each, a state engineer at $4000 per annum and 
an assistant state engineer at $2500 per year. 
All of the positions are to be filled by the goy- 
ernor, and except in the cases of the state and 


Erecting a 10-Foot Steel Ginpole 


cars. The use of travelers, falsework, or 
other expensive and complicated plant was 
eliminated by a method adopted of handling 
the girders by a ginpole. 

The steel was delivered on the surface of 
the ground by the Central Vermont Railroad 
crossing under the second span from the west 
end of the bridge. It was unloaded from the 
cars and piled in storage by a guyed steel 
derrick with a 60-ft. boom, which also placed 
it on standard-gage cars on a service track 
running alongside the piers parallel to the 
bridge axis. The material was loaded on 
steel trucks and distributed to the positions 
required, and was unloaded from the service 
cars by a ginpole, which was used instead of 
a traveler. 


DETAILS OF GINPOLE 


For the ginpole the 70-ft. mast of a steel 
guyed derrick of 40 tons capacity was rigged 
with eight I-in. guy lines and a 12-part hoist- 
ing tackle, and was erected in the middle of 
the east-end span, seated on its regular foot 
block. The mast was revolved from horizontal 
to vertical position by a 4-part tackle attached 
to the top of the mast and to the top of the 
abutment, and the guys were anchored to 
timber deadmen buried in the ground in the 
usual manner. Each guy was provided at the 
upper end with a four-part manila adjusting 
tackle, with the lead line running vertically 
down from the block at the masthead, thence 
over a snatch block at the foot of the mast 
to the hoisting engine where it could be easily 
wound up on one of the spools. 

After the moderate weight end span girders 


of the derrick was made fast to a sling engag- 
ing the ginpole above the center of gravity 
and after a strain was taken on it the guys 
were detached and the ginpole lifted, swung 
free and lowered to the ground. 


ERECTION OF TOWERS 


The last span was completely riveted to- 
gether in the shop and was erected as a unit 
by the guy derrick, which for this purpose was 
shifted about 75 ft. from the position it occu- 
pied when taking down the ginpole. 

To avoid shifting either ginpole or derrick 
for the erection of the towers a cable was run 
from the top of the ginpole to the head of the 
derrick boom and beyond the ladder to an 
anchorage on the opposite side of the Vermont 
Central Railroad tracks. The derrick boom 
being securely guyed or anchored by its hoist- 
ing tackle, provided a rigid support for the 
cable, and the latter served substantially as a 
cableway, to which a hoisting tackle was at- 
tached at a point directly over the first bent 
of the tower. The tower bent was assembled 
and riveted together complete in a horizontal 
position on the surface of the ground and was 
revolved to position by the suspended tackle 
and guyed there while the tackle was released 
and erected the second bent and held it until 


both were braced together and developed 


permanent stability. The second tower was 
erected in a similar manner, The total weight 
of the bridge was 350 tons. The derrick and 
ginpole were operated by four two-drum, four- 
spool American Hoisting Derrick Company’s 
hoisting engines. 

The work was executed under the direction 


Erecting a Plate Girder 75 Feet Long 


the assistant state engineer they are subject 
to ratification by the senate. All minor posi- 
tions are subject to the state civil-service reg: 
ulations. 

The 1913 law does not require an engineer- 
ing education for eligibility to the office of 
county superintendent of highways and favors 
for this position a resident of the county, but 
the duties imposed are such as come properly 
under the head of engineering, and the civil- 
service commission has the power to adjust its 
examinations so as to determine the fitness of 
a candidate for the position. The term of the 
office is six years and the salary is fixed by 
the county board. 

The legal width of a public highway is 
made 4o ft. Bridges are considered a part of 
the state-aid roads. The sum of $700,000 a 
year is available for state aid and the main- 
tenance of the department, $300,000 to be de- 
rived from the general revenue fund and 
$400,000 from the automobile-license fund. 


THE Gatun Lake at Panama is now on 
its final rise to operating level, as it is not 
expected to open the spillway sluice gates 
again, according to the “Canal Record.” At 
10.40 a. m. June 27 the water surface was 
48.25 ft. above sea level, and under normal 
conditions it is expected to reach 71 ft., the 
height of the railroad at Gorgona, about Oct. 
1, and 85 ft. about Dec. 1. The top of the 
dike at Gamboa, protecting the Culebra cut 
from flooding through its north end, is 78.2 
ft. above sea level, but it is expected that 
water will be let into the cut before the lake 
has reached that elevation about. Nov. 1. 


The old law, ° 
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Auxiliary Water Supply for the Fire Protection 
of San Francisco 


Combination of Cisterns and a High-Pressure Pumping System 


Drawing Water from the Bay or from Special 


Reservoirs 


By A. J. Cleary, Assistant Engineer, Board of Public Works 


The fire which immediately followed the 
earthquake of April 18, rg06, caused a prop- 
erty damage to San Francisco of approxi- 
mately $325,000,000. Nothing daunted, the 
citizens removed the débris while some of it 
was still glowing and prepared for the work 
of reconstruction. This work has progressed 
steadily until a new city, architecturally more 
harmonious, structurally more permanent, has 
replaced the one that was destroyed. Elabo- 
rate precautions have been taken to safe- 
guard the new city against a repetition of 
widespread catastrophe in case of future earth- 
quakes. Much more attention has been paid 
to the structural details of buildings con- 
structed since 1906. While it is true that a 
few poorly constructed buildings were com- 
pletely demolished by the earthquake of that 
year, and a number of well-constructed build- 
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Cistern and High Pressure Lines 


ings more or less severely racked, the damage 
was very slight when compared with that 
caused by the fire.’ Since the earthquake San 
Francisco has installed an auxiliary water 
system for fire protection which, it is pre- 
dicted, will withstand any possible earthquake 
of the future. 

Besides two fireboats for the protection of 
shipping interests and the waterfront, the 
system consists of two distinct parts. One is 
a storage system comprising a series of cis- 
terns specially designed to withstand severe 
shock; the other is a high-pressure pipe- 
distribution supply, which includes more than 
70 miles of various-sized pipe, together with 
reservoirs and pumping stations. The cisterns 
are intended for use only in case of serious 
damage to the high-pressure pipe system. 
Locations of cisterns and high pressure mains 
are shown in one of the drawings. 


StToRAGE CISTERNS 


Several brick masonry fire cisterns were 
constructed many years before the fire when 
San Francisco had no adequate domestic dis- 
tribution system. As the Spring Valley Water 
Company improved and enlarged its network 
of distribution mains these cisterns fell into 
disuse, and at the time of the fire most of them 
were filled with débris instead of water. Even 


their location was unknown to the fire de- 
partment. Since the fire they have been re- 
paired and now form a small unit of the 
storage system. lor the most part, however, 
new cisterns of reinforced concrete have been 
constructed—eighty-five in all. They are built 
beneath the surface at street crossings, and 
their exact position is indicated by a distinctive 
type of pavement over them. The inside diam- 
eter averages 30 ft. The top and bottom are 
diverging domes, as shown in the illustration. 
The maximum inside depth is 18 ft. 1 in., and 
the average capacity 75,000 gal. No fixed 
pipes for filling or emptying are rigidly con- 
nected with the cisterns, thus eliminating, 
should an earthquake occur, the disrupting 
stress exerted by a rigid connection upon the 
concrete structure, which should vibrate as a 
whole without injury. 

Before locating a cistern on a particular 
corner a thorough investigation of existing 
structures, such as sewers, duct vaults, conduits 
and pipes, was necessary, since all of these 
data had been destroyed in the fire. 
formation was obtained by digging test 
trenches at the proposed corner and platting 
the structures. The cistern was then located 
in such a position as to disturb the least num- 
ber of these structures. 

When some of the first cisterns constructed 


“were filled with water it was found that there 


were a number of serious leaks, despite the 
fact .that the concrete used was a 1:2:4 
mixture, waterproofed with 6 lb. of Medusa 


waterproofing compound to each barrel of 


cement. Investigation showed that this leak- 
age was due to faulty tamping, since in every 
case it happened only where “honeycombed” 
areas existed in the concrete. The contractor 
was compelled to repair these leaks at his own 
expense, by removing the defective material 
and replacing it with a richer waterproof con- 
crete. As this entailed considerable expendi- 
ture and loss of time in receiving payment, 
more care in tamping was exercised in sub- 
sequently constructed cisterns, and the latter 
showed absolutely no signs of leakage. 
That the cisterns are capable of withstand- 
ing shock was conclusively proved when dur- 
ing the construction of one of them a rain- 
storm occurred and floated it 6 ft. above its 


Sleeve Joint 
Joints Used on High Pressure Lines 
The bell and spigot joint is used in solid ground; the 


sleeve joint in filled-in areas. Both types are used only 
Rhee the pressures are more than 175 lbs. per square 
inch. 


This in- ¢ 


foundation, As soon as the water had been 
drained away the closest inspection failed to 
detect any injury, and no leaks occurred when 
the cistern was filled with water. 


HicH-PressurE System 


Seven square miles of San Francisco are 
now protected by the high-pressure system. 
The protected area is divided into two zones, 
the upper including those districts whose eleva- 
tion is greater than 150 ft. This zone is sup- 
plied from a 500,000-gal. steel distributing 
reservoir at an elevation of 490 ft., situated 
on Clayton Street near Seventeenth Street. 
The lower zone comprises those portions of 
the protected area less than 150 ft. in eleva- 
tion. It will soon be supplied by its own 
1,000,000-gal. distributing reservoir at an 
elevation of 330 ft., now in course of construc- 
tion at Jones and Clay Streets. Meanwhile 
both zones are supplied from the Clayton 
Street tank. When necessary to operate the 
system with a higher pressure than 150 Ib. 
per square inch, provided by the distributing 


Connection of 
Reinforcement 


Bottom 


Typical Reinforced-Concrete Cistern 


reservoirs, both zones can be connected 
directly with the main storage reservoir at an 
elevation of 760 ft., located near the summit 
of Twin Peaks. This reservoir consists of 
two compartments, with a capacity of 5,000,000 
gal. each, and is constructed of reinforced 
concrete, as briefly described in the Engineer- 
ing Record of June 29, 1912, page 713. 


PumMPING STATIONS 


There are two salt-water pumping stations, 
one located at Second and Townsend Streets, 
the other on the United States military reser- 
vation at Fort Mason. Pumps were furnished 
by Byron Jackson Iron Works, of San Fran- 
cisco, while Chas. C. Moore & Company sup- 
plied the boilers and mechanical equipment 
for the two stations. The Townsend Street 
station was built by the Healy-Tibbitts Con- 
struction Company and the Fort Mason sta- 
tion is being erected by Caldwell & Company. 
Both buildings are of reinforced concrete, and 
in their construction practically no combustible 
material was used. The roof trusses and 
covering of the Townsend Street station are 
exceedingly heavy, and the chimneys very 
heavily reinforced, that they may be as nearly 
as possible earthquake-proof. 

The water supply for the pumps of each 
station is drawn from the bay through a 
tunnel lined with heavily reinforced concrete. 
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The tunnels are below low-tide level, so that 
the water, after passing through the screens 
at the intake, flows directly from the bay into 
the station. In each station two separate pipes 
discharge from the pumps through an 18 x 10 
in. Venturi meter into the distribution mains. 
Either 18-in. pipe is capable of carrying the 
entire capacity of the station. 

The Townsend Street station is equipped 
with four Curtis turbine-driven pumps, each 
capable of supplying 3000 gal. per minute at 
a pressure of 305 lb. per square inch. They 
are of the four-stage type, 12 in. in diameter, 
750-hp, and operate at 1800 r.p.m. They 
are non-condensing, since the initial cost of 
such a pump is less, and as they will not 
be operated continuously the difference in 
maintenance cost will be nominal. Steam is 
supplied by eight 350-hp. Babcock & Wilcox 
boilers. One to-kw. electric-light engine, two 
feed pumps, two feed-water heaters, two oil 
pumps and two deep-well pumps complete 
the equipment. The deep-well pumps will be 
used to supply the boilers from six fresh water 
reservoirs under the building in case by any 
cause the supply from the Spring Valley 
Water Company’s city mains be temporarily 
cut off. 

The U. S. Government allowed the city 
to construct Station 2 on its Fort Mason mili- 


Horse for Lowering Pipe into Trench 


tary reservation, which occupies a portion 
of the north shore of the city near the end 
of Van Ness Avenue. The condition exacted 
by the military authorities was that the city 


should supply all the electric current required’ 


on the reservation for lighting and other pur- 
poses. Hence the four pumps installed at this 
station were designed as convertible-condens- 
ing or non-condensing. Six 400-hp. Stirling 
boilers will supply steam for these pumps, and 
also for one 50-kw. to two 100-kw. recipro- 
cating engines, two feed pumps, one air pump, 
one circulating-water pump and engine, one 
condenser and two feed-water heaters. The 
reciprocating engines are of the condensing 
type. 
Cast Iron PrpE 


The same precaution which was taken in 
designing the cisterns to provide for resistance 
to vibration was exercised in designing the 
high-pressure distribution system. Cast-iron 
pipe at the time the system was designed was 
thought best adapted to local conditions and 
was used throughout. In the chert forma- 
tion that predominates in the hilly portions 
of the city and in the solid sand-clay forma- 
tion of some of the lower districts the oscilla- 
tion in the earthquake of 1906 was not nearly 
as pronounced as in the filled-in area, which 
constitutes a considerable part of the lower 
districts. A different type of pipe joint was, 
therefore, used in these two classes of ground. 
For the solid ground a bell and spigot-leaded 
joint was chosen, while in the filled-in area 
a double-spigot sleeve joint with steel sleeves 
was used. Both types are shown in one of 
the drawings. The double-spigot joint is 
capable of withstanding without excessive 
leakage or injury twice the amount of lateral 
distortion that the bell and spigot joint can 
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undergo. Before a standard joint was de- 
cided upon an elaborate series of tests was 
conducted by the engineering department in 
order to determine a type of bell and spigot 
and spigot sleeve best adapted to withstand 
sudden lateral motion without injury to the 
strength of the joint or its resistance to 
leakage. The joints illustrated are used only 
for pressures over 175 lb. per square inch. 
They were the types which allowed the 
greatest distortion with the least leakage. For 
smaller pressure the bell dimensions and the 
thickness of the pipe for different heads con- 
formed to the standard of the New England 
Waterworks Association. 

The pipe was supplied under contract by 
the United States Cast-Iron Pipe Company, 
the lowest bidder. 
sizes have been received. The price was 
$19.90 per ton for bell and spigot pipe and 
$20.50 per ton for double-spigot pipe grooved 
at ends, f. o. b. cars at Bessemer and Annis- 
ton, Ala. The freight was paid by San Fran- 
cisco and amounted to $11 per ton. 

Every piece of pipe, as well as all hydrants, 
gate valves and specials, was tested to a 
pressure of 600 lb. per square inch at the 
city’s testing plant immediately upon, de- 
livery. They were then stored in the munici- 
pal pipe yard and supplied as needed to the 
various contractors. A locomotive crane was 
used in unloading the cars and loading the 
trucks. Each of the seven contracts for pipe 
laying was in charge of an assistant civil 
engineer, assisted by as many inspectors as 
were necessary to insure the fulfilment of the 
specifications. The city furnished to the con- 
tractor at the municipal pipe yard all the pipe, 
special castings, gate valves, hydrants, valves 
and manhole frames, covers and dustpans, 


In all 95 miles of various ° 


‘pipe casing for valve boxes, bolts with nuts 


and washers, lead and lead wool for the joints, 
and wooden ducts for underground conduits. 

For the separate telephone and telegraph 
system to be used in conjunction with the 
high-pressure system the ducts were laid in 
the same trench as the pipe except where 
existing unoccupied ducts were available. 

For lowering large-sized pipe into the 
trench a steam hoist was used for a short 
time on the first contract awarded, but soon 
abandoned because it proved too cumbersome 
in the hilly districts and occupied too much 
space on crowded streets. The ordinary pipe 
tripod proved inefficient, so a framed pipe 
horse of the dimensions shown in one of the 
drawings was finally adopted. 

When pipe was laid on steep grades and 
it was necessary to have any of the bells 
pointing down grade, instead of pouring the 
joint, lead wool was used. When properly 
calked such joints stood the tests as well as 
the poured joints. After several blocks of 
pipe had been laid and calked, in order to 
hold the line rigid under test the trench be- 
tween joints was refilled. The joints: were 
left exposed so that they could be examined 
for leakage. 


Tests ON DisTRIBUTION SYSTEM 


Under test the various classes of pipe were 
subjected to the following pressure: 


Test 
Pressure, 
Used for lbs. per 
Head o sq. in. 
600 to 7 t 450 


Townsend Street Station of the San Francisco High Pressure System 
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ae. 


ann 


Jury 26, 1913 


The pipe to be tested was first filled with 
water and the specified pressure obtained by 
means of a double-cylinder force pump. The 
exact time was then noted. The pressure was 
maintained for twenty minutes and the amount 
of water forced into the pipe during that 
period measured. This would represent the 
leakage in the pipe during the test, and if it 
amounted to more than 0.0055 gal. per lineal 
foot of pipe joint, which is equivalent to a 
leakage of 0.4 gal. per lineal foot of pipe 
joint in twenty-four hours, the contractor re- 
calked whatever joints showed leakage until 
the line satisfactorily withstood the test. 

The first tests conducted were made be- 
tween adjacent valves. [For mains 14 in. in 
diameter and over, when one of these valves 
was at the end of the line under test, it was 
almost impossible to secure a backing which 
was sufficiently rigid to prevent the vaive 
moving longitudinally. The bell would slip 
outward along the adjoining spigot sometimes 
as much as I in. If the valve was bolted to 
the line, the motion would occur at the first 
unbolted joint. No leakage would take place 
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Mason pumping station and the la ink in Laborers, 754% hours at 25 cents.........++.5- $188.62 
i P P = es ‘ st | S90 Laborers, 89334 hours at 31% cents............ 279.29 
the pipe system, consisting of a 20-in. line  lectrician, 774 hours at 37% cents........... 29.06 
ee ee to the corner of ae Street Whee AO Le Re CAC SEDO EITC ERO ERCON HOC $595.03 
and Van Ness Avenue, are completed. aterial Cost: 
5 , I LONGEISE Gi ae, ih, FTG Cestiye. sdeonoe Do cers 
Tp ew bara cepa ceeriake tes kcrncie nie Scat wisest apes: 6 3.00 
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"Techie lomeeay hats rents enter act peaes eres ciais spe mnerens atone $69.15 
The cisterns described in this article were Pumpin, 
ht 2 ( . aeourat Labor Cost: 
constructed by contract, but ; VALS accurate Foreman, 11 hours at 50 cents......+..++..5005 $5.50 
cost data were kept by the city’s bureau of foreman, 29 hours at 43% cents.... ann 12.69 
: i = aor " Electrician, 88% hours at 37% cents........... 33.19 
engineering. [Following is a typical cost ac- Laborers, 240 hours at 31% cents............-. 75.00 
count for constructing the cistern shown in #borers, 8374 hours at 25 cente............... 20.87 
the drawing. This cistern was located at Total ccveicceseteee etn creeetesnversoces $147.25 
| SS. = fi ht! Material Cost: 
the corner of Fifth and Harrison Streets. 7%4-hp motor, 4-in. pump, 105-ft. R. P., at $15 
POP Viraveteretntes sori larurate: starts coPennvarsieierete s) seUv ew yialidiese $1.60 
LOOMED, & G., at $20 per Moccrccsscccseseess 2.00 
INYO) Rapececnela Sul CR enb cate eal cere eOIO eCard Cae bnie te UO Pan eeate 30.00 
a ‘ Blecttinm pow ereantayekstere rit wateiace(r areca Ais, des 6 49,00 
Detail Costs of Concrete Cistern DrStallatron Gee imei nay veielte e vinesttr sw aes 10.00 
GENERAL EXPENSE, ns REE 
Labor Cost: Rondel etoran oda Solari ca: Chea ee TO IEA ebb ERT ECan em $92.60 
Superintendent, 219% hours at 87% cents...... $192.06 nee en See Sin ers 
Timekeeper, 142% hours at 31% cents; 5 hours Tabor Coco REINFORCING STEEL. 
Filpes MeL hate (5q U0 ey Bacccelea eee hy dics CANAD Le ORC RR 47.03 a eA amee Tek mia We 
ERE RI CRU UNSII ct aie. CCR Ce 293.75 Gay death Rie hours at 62% cents.......... $100.00 
Ce: Sra BOSS) ip, Seaits GTEC abe PO;O02d caciaccciae anyon vise ie $42.80 
Preheat 0 (yy cB Ia $442.84 4566 th, f-in steel at $0,021. 00..censececer sae: 95.89 
Telephone Pgs a oa a $28.50 Ties ‘atid’ Spreaders ces seals cess ee necreseseces 8.00 
Omce renteandenOorSe yams ieilecieiwin lk sists cis csisiees 21.00 Tota 
lONealincoalioilarecoNcsuiem ns... 2°00 ORGUAGMrs ststetekeretvne westerarer wi cvele\sielclsiaistele slaralelere <a $146.69 
DATING es ot hee a Ste ee ee 
Ss sere) 72 hours at 62% cents.....+...... $45.00 
aterial Cost: 
1584) Ibs. Soi steel at GOO2U. ci icweic sie dicrwieneeeie $33.26 
2529 Ib. 34-in, steel at $0,021, . 0... .0rccseceees 5a dd 
HUE OU LMmtvay olny piste Teter vesie.clelestetina/efata simi s's «cu svevevavee $86.37 
ae e Domt REINFORCING STEEL, 
-abor Cost: 
Housesmiths. 84 hours at 62% cents............ $52.50 
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GOUA LMCI stash Cal crersssrilarate iD Visiels lela, aise seyere vas 
Material Cost: 
G25 Urs GaaIMMSLOEl at DOLOZd cuernw ici aie diviene's ere ne 
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until the valve was forced back by a similar 
test on’ the other side. Leakage then de- 
veloped in the joint which had first slipped. 
To prevent this motion a plug with a rubber- 
cup gasket and a tap to admit water were 
used. This plug fitted loosely into the end 
of the pipe and a suitable backing was pro- 
vided. With an increase of pressure the cup 
gasket expanded against the inside of the 
pipe and prevented leakage. Under test the 
plug could move outward as much as several 
inches, but hold the pressure without leakage 
and effectively prevent any movement in. the 
line itself. Another advantage in the use of 
this plug was that it could be readily inserted 
in an open end of the pipe at any time, and 
and after the test be removed immediately 
and pipe laying continued. The trench could, 
therefore, be backfilled and the street repaved 
much sooner than if tests could be made only 
between valves. 

Pipe lines were run out on the docks at 
intervals along the waterfront, and pressure 
can be maintained in a portion of the system 
by the fireboats. 

Since the installation of the auxiliary water 
supply for fire protection a material reduc- 
tion in insurance rates has been made. This 


reduction will be increased when the Fort. 


1829 lb. 54-in. steel at $0.021.. 
3553 lb. l-in. steel at $0.021. ; 
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Bortom Concrete. 
Labor Cost: 


Concrete foreman, 8 hours at 75 cents.......... $6 00 
Concrete laborers, 102 hours at 50 cents........ 51.00 
Foreman, § houtssat 50 Cents... wneccc ce cerns 4.00 
Laborers, 160 hours at 311%4 cents.........+.00s 50.00 
sbeatns;. 6 HOMMBa 75 (COMER arise bec) eui vis wie ees 6.00 
TiO tal Sean e ietelerairenniive plats igivivce sy assis oa eis eee $117.00 
Material Cost: 
AG Vy TOCKIS ce AD jaisietareieierniere'e\ six viaidisie ss baie $60.20 
Die Cen BEC Me UANp igo Ucn celaie hie aisteusie(elo:s aveie nie #le, ssa ates 8.10 
6094 Dbl cement at S245 6c siie wesas e.tcien oie» naied 148.84 
360) lhe Misdtasaeat 1474 cents: so ccs ep seceice cee 52.20 
Depreciation on equipment........sseeseerecers 5.00 
SILKS Note taa SPAT SALSia ie alee bircbtavets-wiarnie ka/eisie ee >. $274.34 
Stipe Concrere. 
Labor Cost: 
Foreman, 18. hours-at 50 Cents. were seeses snes $9.00 
Carpenters, 3 hours at 50! ‘cents.........0-20-000. 1.50 
Laborers, 184 hours at 31% cents.............. 57.50 
Teams; B MOUps at: 75. CENTS. cbcas cs cnces eons 6.00 
Pte) ye S.CT 0 UC OMOEA STO DIOR $74,00 
aterial Cost: 
apap Gost? Removing PavemMEnr, 216 sacks cement at 50 centsS..,...sesrccereeens $108.00 
st: , x tS 
Foreman, 15 hours at 4334 cents........+.0+00+ $6.56 aes eae a ree SCA ea ee 46.20 
Laborers, 220 hours at 25 cents... c...ceeeree ee 55.00 AES ot “Sede EURO preg! Cha) 7 A Re ea * 
Tea 8h 75 6.00 434 yd. ocean sand at GL50... ieee rae teens 6.38 
ep) ours at CENTS ere e eee ereeeeeeees i Boyds City Satldi at SOVCEES: vy ccctaevce sess vere 2.25 
Datalencinicekrareey meio ists +d asa pelted ease cee $67.56 GRITS Vo hansen ce a Ree ee $206.33 
IEXCAVATION. 7 
Labor Cost: nae code Dome CoNncRETE. 
Foreman, 169% hours at 4334 cents........+... $74.15 -avor Cost: 
Foreman, 464 hours APU OL CETUS Gilet ionle ere tebe 23.25 Foreman, 7 hours at 50 centsS....++++++seeeeeee $3.50 
Laborers, 1981 hours at 25 cents............+-- 495.25 iabeve’ ae hours 4 31% penis NS eS ae 
1 eearie des Pod pee eth oo. mil ‘onerete foreman, 8 hours a GOMES dens nhs x 
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Wolehal Nays Gere rectly c ght Ce ORR OCA ERECT eo RCE 830.77 Engineer, 9 hours at 37% cents....-+++++. ees 3. 
aie Cost: $ Team, 14 hours at 75. Cente. ss ws ecrcue cee cw enn 10.50 
Wiototut eiita sr smmmaiemtet esr at eeisvie nce) byslela ns $10.00 * 
Electric POWED cece creer cree eet ee nee une ecees He ee Cost Co SOIR TTC OR DG MP SCT id $99.12 
ran tnein ap e ste 
Depreciation on eguipment........0.eceeeeeeres jin 0 GORE Es Angie eeee cas ends inttal'e se ia weeks acs $28.00 
Lavish] RM yee ee ne ee er en 70.00 270 sacks cement at 60 cents. ....sseeeeeeeeees : 
lhe “2 $ G. ydhuoceansand -ateSd. 50 su wiiee ai vale sid arelestete 9.00 
LAGGING. 20 yd, city sand at 50 centss......ssccnnesseuse 10.00 
Labor Cost: 50 yd. rock sand at $1.40. .c..cevueveenenescos 70.00 
Foreman, 148 hours at 50 cents....+....seeeeas $74.00 
Foreman, 55 hours at 433% cents......+++s++00s 24.06 GEL CI.  joeatiir, Sothaeke Urn ou oe nD CODES ORES $276.00 
SumMary of Concrete Crstern Cost 
Labor and 
' Labor Material Material Quantities Unit Cost 
Pai SEMEL A LY CX POCTISO) ici MtetnMytarvaia a sei9 fsa 6 fess aivip ela si oe $442.84 $51.50 $494.34 tee mies 
Removing payement, basalt blocks on 6-in, base... 67.5 ative 67.56 800 sq. ft. $0.084 per sq. ft. 
Ecayatvot “CSATG)in ule misleis st ir aislon sie ele letade tems 830.77 70.00 900.77 690 CY. $1.305 per C.Y. 
Leageinig’ (2 1X BVA in dee neliedae veces saccns 0 ou 595.03 69.15 664,18 4,410 B.M. $150.61 per M. 
Ihbkn eh ak bake gy are neg athe eae U Fig et, Let ee cc we aCe eo 147,25 92.60 239.85 beat Pe thes 
TREiMHOM CIR BUCCI sip prtvhaien h bie reece ap b eidie ns Bieieieiore 200.00 388.16 588.16 9.79 tons $60.08 per ton 
LNGIVOROUE: Nay. sates ertieng cuenta Rae cap or tk Bae aa vee ee 317.24 779.62 1096.86 146 C.Y. $7.513 per C.Y. 
Csi eee tara eiste: shale guvetestcrocekctiatece Sirti nil ananassae rs : 59.55 246.88 barre cin 
Backeill Sean is seve ase soit epg adie gicaeee ae a nern ee apatees: 47.06 
Pavement and curb 75.50 178.43 
Catch basin 14,40 31.27 
UMW al ee | cis aisiaucn Gie'r slenum 51.10 56.10 
Total $2959.88 $1651.58 $4611.46 
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Insipe Finisu. 
Labor Cost: 
Foreman; (2) hours at 50 \centsi.ac 0 s-0<)es mons $1.00 
Laborers, 34 hours at 31% cents...........+0+ 10.62 
Concrete foreman, 8 hours at 75 cents......... 6.00 
Concrete laborers, 16 hours at 50 cents........ 8.00 
Teams, \2 touts at) 75 Cents. ac caissisiy naens cae 1.50 
Total J ivetieteprlctecietsts elie preieisnalaveiuarcrercrereeeate $27.12 
Material Cost: 
27 sacks Cement sat 750 /-Centsec is oi vies. v ee nieielats $13.50 
12 ‘sacks cement atvG0 centseiseie.cicyes icine levies 7.20 
1}4 sacks .pravel it S50 cvs vies winkeeieletneetele 2.25 
Total | cits tance vette sna tets spe ier aac oneies aie $22.95 
Sipe Forms. 
Labor Cost: 
Carpenters, 39 hours at 50 cents...........00+ $19.50 
Laborers, 62 hours at 3134 cents... 2.0.0.0. +. 19.37 
Ul Ceres OO TOUT DUOC Uitte OF con SOOO eo $38.87 
Material Cost: : 
Depreciation on forms and bracing............ $25.00 
(Cost $107.70.) 
Dome Forms. 
Labor Cost: 
Carpenters, 66 hours at 50 cents..........++.+ $33.00 
Laborers, 5F hoursi-at) 3034) :cent6im...'.uia a. Giese 15.93 
Ota), ate iit ase exces orm pleteleteioinmentcnem ete ezanteraets $48.93 
Material Cost: 
Depreciation on forms (cost $79.05).........+-- $26.55 
Depreciation on 1000 ft. lumber............... 5.00 
dt hkeg nabdls.nc cele c nerelacte ascleletasstetete a ohn eet neta 3.00 
Dotal >. asisca om ne eievsateteiaissrannn cinta elena creators $34.55 
Removine Sipe Forms. 
Labor Cost: 
Foreman,,2 hoursiat 50 centsii. atest sais ee $1.00 
Laborers, 71 hours: at°3134 centS:¢~ \cjieyescs es ca 22.03 
OPAL yatteis aieys siarohtisie sige ater Ne ree e TICE eae $23.03 
Removinc Dome Forms 
Labor Cost: 
Carpenters, 133 hours at 50 cents.....:..e..s.» $66.50 
Laborers, 32 hours at 31% cents........-e0e00: 10.00 
Dotaly i citers ccvepPaeeee eo etal eee rere saan atthe $76.50 
BAcKFILL (SAND). 
Labor Cost: 
Laborers, 141 hours at 3114 cents.............. $44.06 
Teams, 4{houns at. 075) Cents.eisjeccientactecisienenine 3.00 
Eotal<ccieictaratesials ete Ae eielaiwes wie talersravenc nares ereree $47.06 
Sertinc Curs. 
Labor Cost: 
Paver, 6 hours: at 7S eenteccns <sneaeus cad oeee $4.50 
Laborers, 12 hours at 31% cents.......ece+accs O75 
TGA es sscis tos eNotes arcieterete ae eva emcees este $8.25 
PavEMENT FounpaTION. 
Labor Cost: 
Foreman; 2hours at SOuGemts: <1) tlslev he nals sei $1.00 
Laborers; 59) hours-at 3124. cents¥.\s....cccies coe 18.43 
$19.43 
$26.40 
15.00 
1.50 
$42.90 
StpewaLk FounpaTion. 
Labor Cost: 
Laborers, 16 hours at 31% cents.............+. $5.00 
Material Cost: 
4 yd) érockat) $1:50..:%: tentieniee eee Poise 66.00 
Catcu Basin. 
Labor Cost: 
Mason; WO shours) at! 50) centorcamiesineiecle ans $5.00 
Labor, 38 hours ats107 cents nese sere noes 11.87 
SD Ota cas edisce psays soi neiars kintate ake e Rea $16.87 
Material Cost: 
BOO bricks atone omer velsianie eee neko inven $7.20 
12 sacks centent! at 60° cents. «os Ge ccecn este ascee ya 7.20 
Total, Sued elas aerate te os etree eyes $14.40 
PAVEMENT WEARING SURFACE. 
Labor Cost: 
Paver,,.28 hourszat 75 centsr inte cco clv cine $21.00 
Rammer, 16: hours) at 50) ‘centsc.icck eceslesenioe 8.00 
Laborers, 148 Hours iatolyAveentasr nape <r 46.25 
Totaly s atevgraste acctustranasye. sia Saava eatevate ea Ter $75.25 
Material Cost: 
1700 Ib., asphaltic: cementiy. bcmcscecsmemie stein $17.00 
6-yd... gravel-at SUSOi es oye ain sh comerecee eines 10.80 
S sacks cement at 60. Cents.4 «).1sa «tea teenies 4.80 
pt) 2.) Deena ee Gee srs ein EAs $32.60 
SrpewaLk WEARING SURFACE. 
Material Cost: 
410 ft. asphalt finish laid at 11 cents............ $45.10 
Grand ‘total oes Siena e $4,611.46 


Tue Action or Frost, ice and water on the 
concrete crest of the small dam on the Quine- 
poxet River at the head of the Wachusetts 
reservoir, in Massachusetts, caused a partial 
disintegration of the surface of the crest, 
according to the 1912 report of Mr. Dexter 
Brackett, chief engineer of the Metropolitan 
Water Board. A short section of the crest 
has been repaired experimentally by cutting 
out the old concrete to a depth of about 2 in. 
and refilling the space with a mixture of 2 to 
I cement mortar bonded to the old masonry 
by means of iron bolts and wire netting. 


Report of Cleveland’s Filtration 
Commission 


The commission appointed by Mayor Baker 
to consider the scientific problems involved 
in determining the most suitable method of 
filtration for the water supply of Cleveland, 
Ohio, submitted its preliminary report on July 
5. The general conclusions are given below. 
The commission consists of Dr. A. W. Smith, 
professor of chemistry, Case School of 
Applied Science; Dr. Hippolyte Gruener, pro- 
fessor of chemistry, Western Reserve Uni- 
versity; Dr. W. T. Miller, member Ohio State 
30ard of Health; Dr. Roger G. Perkins, city 
bacteriologist, and Mr. R. Winthrop Pratt, 
consulting engineer. 


CONCLUSIONS 


1. A filtration plant at Cleveland is neces- 
sary in order to secure a safe and suitable 
water supply at all times. 

2. Filtration works of the rapid-sand 
gravity type, suitably operated, will produce 
for Cleveland a clean, safe water and one 
which will be at all times satisfactory for 
drinking and household uses. 

3. A filtration plant of the above-named 
type and of about 150,000,000 gal. daily capa- 
city should be constructed on land owned by 
the city east of the Division Street pumping 


station and immediately north of the proposed- 


west side boulevard. 

4. A filtration plant of the above-named 
type and of about 80,000,000 gal. daily capa- 
city should be subsequently constructed on 
land adjacent to the Kirtland Street pumping 
station. 

5. lf the preliminary construction work for 
the west side plant were begun during the 
present season the plant could probably be 
completed early in the year 1915 and would 
thus be ready for use when the proposed west 
side tunnel is finished. The construction of 
the Kirtland Street filtration plant would take 
about eighteen months, but this work need not 
be begun at once, as it is the intention of the 
waterworks department, on completion of the 
west side tunnel, to supply the entire city for 
a time from the Division Street station. 

6. A filtration plant for the west side, of 
about 150,000,000 gal. daily capacity, would 
cost approximately $1,100,000, and one for the 
Kirtland Street location, of about 80,000,000 
gal. capacity, would cost approximately 
$700,000. The costs do not provide for the 
additional low-lift pumping machinery neces- 
sary to raise the untreated water to the filters. 
Such machinery, however, could be installed 
for less than $200,000, so that the total amount 
necessary to provide for the needs of the city 
until such time as the present water consump- 
tion is doubled would approximate $2,000,000. 

7. The cost of operating the filtration works 
exclusive of interest and other fixed charges 
would be from $2 to $4 per 1,000,000 gal., 
according to the amount of coagulant used. 
On the basis of a consumption of 100 gal. per 
capita, this represents an annual charge of not 
more than 15 cents per person, The annual 
interest charges would be approximately 12 
cents per capita additional on a basis of a 
population of 1,000,000. 

8. The problem relative to the kind and 
amounts of coagulants best suited to Cleve- 
land water, and also the question of the 
feasibility and desirability of softening the 
water, require more study. The commission 
desires to obtain more information along these 
lines by means of the test plant which has 
been installed at the Kirtland Street pumping 
station. The commission also stands ready to 


advise from time to time in regard to the 
various features of design as the work pro- 
gresses on the detailed plans for the proposed 
filtration works. 


Book Reviews 


Mr. Alexander Wright, member of the San 
Francisco Chapter of the American Institute 
of Architects, has published a 46-page pamph- 
let on building arbitration, which describes the 
advantages and proper methods of procedure 
and gives convenient forms for use in settling 
disputed points of building construction. It 
outlines the qualifications and duties of the ar- 
bitrators, explains the proper nature of the 
award and discusses the suitable compensation 
of arbitrators and employer and suggests meth- 
ods for its collection. 


“List of Works Relating to Electric Weld- 
ing” is the title of a booklet compiled by Mr. 
William B. Gamble, chief of the division of 
technology of the New York Public Library. 
The work is, as its name implies, a compen- 
dium of the published material, embracing both 
books and magazine articles that may be found 
in the files of the New York Public Library. 


Erectric InNTErRLocKInG. By the Engineering Staff of 
the General Railway Signal Company. Leather, 4 x 6%4; 
435 pages; 283 figures. Rochester, N. Y., General Rail- 
way .Signal Company, $3 net. 


This handbook goes fully into all parts of 
G. R. S. dynamic indication electric interlock- 
ing, the first 124 pages being devoted to the 
system and appliances, with numerous photo- 
graphic illustrations, followed by 18 pages 
on signal lighting, electric locking and 
check locking. Then come 152 pages of in- 
stallation and operating data for power plants, 
switchboards, electric interlocking machines, 
switch and signal mechanisms, relays and indi- 
cators, transformers, ands=primary batteries, 
and 24 pages on wire, trunking and conduit. 
Ten pages are devoted to Portland cement con- 
crete, and 32 more discuss written circuits and 
signal aspects and signals. In the latter part 
of the book are numerous tables, some apply- 
ing specifically to G. R..S. apparatus and elec- 
tric interlocking plants and others containing 
a variety of useful information for all engi- 
neers. 


Tue IMPROVEMENT or Rivers. By B. F. Thomas and 
D. A. Watt. Two Volumes. Cloth, 9x12. Vol. I, 369 
pages, 128 text figures and 45 lithographed inserts; 
Vol. II, 380 pages, 121 text figures and 31 inserts. 
New York, John Wiley & Sons, Inc., $7.50 net. 

The first edition of this book was issued in 
1902; the second edition, rewritten and mate- 
rially enlarged, has just been brought out. 

The first volume is divided into eight chap- 
ters dealing with characteristics of river regu- 
lation, dredging and snagging, dikes, protec- 
tion of banks, levees, storage reservoirs, and 
the improvement of the outlets of rivers. The 
second volume has ten chapters, treating of 
the following subjects: General design and 
construction of locks and dams, locks, lock 
gates and valves, fixed dams, movable dams, 
needle dams, chanoine wicket dams, gate and 
curtain dams and bridge and shutter dams, 
drum wickets and beartraps and rolling dams, 
and accidents to structures. 

The book is unusually complete. It deals 
not only with what has been done in the 
United States but is an encyclopedia em- 
bracing good practice in river regulation in all 
parts of the world. The well-chosen illustra- 
tions should make the book exceedingly val- 
uable to designers in any line of hydraulics. 
In the chapter entitled “Lock Gates and 
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Valves” there is an apparent misstatement. 
It is claimed that 24-in. beams are cheaper 
than built-up girders. Every designer of steel 
structures knows that the point at which the 
built-up girder becomes cheaper than the 
rolled beam is at a 15-in depth. Furthermore, 
the two distinct types of steel-beam gates are 
not clearly differentiated. There is one type 
known as the elastic type, in which the hori- 
zontal girders are supported on X or saw- 
buck bracing and where the skin plate has only 
rolled shape stiffeners, if necessary to assist 
in carrying the loads to the girders. This 
type is mostly used abroad. Then, there is 
the “stiff” type, where rigid vertical beams are 
introduced to prevent the gate from collapsing 
should it take a bearing on the miter sill and 
fail to miter. This type, advocated in Lieu- 
tenant-Colonel, then First-Lieutenant, Harry 
IF. Hodge’s paper, “Mitering Lock Gates,” is 
now generally adopted by lockgate designers 
in the United States—for instance, in in- 
stallations of such magnitude as Panama and 
Keokuk. The Keokuk gates are arched, 
though, with this stiffening element added to 
them. 

The filling and emptying of a lock chamber 
is an important subject, rather too briefly 
treated in this work. It is generally not con- 
sidered good practice simply to by-pass the 
lock gates with culverts, especially for large 
lock chambers. The authors, therefore, point 
out that the longitudinal culvert has come into 
much favor both in America and Europe. The 
arrangement of the discharge-distributing 
openings from this culvert so as to cause the 
least motion in a ship in the lock is not even 
touched upon. The Swedish Government for 
a number of years has been making experi- 
ments along these lines. 

The chapter on movable dams has some in- 
teresting types to offer, especially the part 
dealing with rolling dams, a type little known 
in the United States. So far only two in- 
stallations have been made in this country, 
one at Spokane and one on the Boisé Irriga- 
tion Project in Idaho. This chapter, there- 
fore, could well have dealt in more detail 
with the subject of rolling dams, for they are 
a big factor in economic dam construction, 
where the regulation of large rivers is in ques- 
tion, because of the possibilities of large and 
deep discharge openings. 


Letters to the Editor 


Method of Checking Economical 
Height of Office Buildings 


Dear Sir: The method proposed by Mr. C. 
T. Coley for determining the proper height of 
a skyscraper, as presented on page 21 of your 
issue of July 5, is one of those demonstrations 
that are pretty on paper but not as scientific 
or useful as they appear at first glance on ac- 
count of the large number of assumptions and 
approximations. 

Let us see the result of varying some of 
these assumed figures, as applied to the parcel 
worth $300 per square foot. Accepting the 


interest rate at 5 per cent, the tax rate could 


readily be $1.90 instead of $1.83 per $100 valu- 
ation, giving $5.70 per year per square foot 
for the parcel in question. This added to the 
$15 and divided by 95 per cent would give 
$21.80 to be earned on each square foot occu- 
pied by the building. If we assume that in 
this particular building only 62 per cent of the 
area is rentable (this per cent would be the 
less the higher the building), the land-carrying 
charge would be increased to $35.10 per square 


foot of land over which there is 1 sq. ft. of 
rentable area per floor. 

Using the same 62 per cent, with 12 ft. as 
the average distance between finished floors, 
the volume of building per square foot of rent- 
able floor will be 19.3 cu. ft. Mr. Coley ad- 
mits that the cost per cubic foot may vary 
from 80 cents to $1. Let us suppose that the 
foundations of our skyscraper will be expen- 
sive and that the average cost per cubic foot 
will be 90 instead of 80 cents. Then the cost 
of securing 1 sq. ft. of rentable area, 90 cents 
multiplied by 19.3, will be about $17.40. 

Maintenance costs are capable of wide de- 
viation, and the figure of $1.15 per square foot 
given by Mr. Coley can be increased to $1.25 
without a stretch of the imagination. The 
average rent obtainable may average only 
$3.40 per square foot, and the loss of rent may 
easily amount to 12 per cent, or 41 cents, 
making the total cost of maintenance $1.66. 
Interest at 5 per cent on $17.40 is 87 cents. 
Allowing the depreciation and amortization 
fund of 30 cents to remain for the moment un- 
disputed, the cost per square foot of rentable 
area will be $2.83 instead of $2.54. This, with 
the decreased rent rate, will reduce the net 
profit per square foot from 96 cents to 57 
cents per floor, and in order to earn the $35.10 
per square foot of lot area under rentable 
floor area the building will have to be sixty- 
two stories high, 

By similar changes in the figures in the op- 
posite directions it can be readily shown,that a 
building of twenty-two stories will “fill the 
bill.” It will be seen, too, that in each case 
the deviations are small—quite within reason. 
Some of them, in fact, are very conservative. 
For instance, in a sixty-two-story building 
probably considerably less than 62 per cent of 
the total floor area would be rentable, and the 
cost per cubic foot would probably be much 
more than go cents. So, too, if the deprecia- 
tion allowance were based, as it perhaps should 
be, on 3% per cent instead of 4 per cent in- 
terest that figure would be entiirely changed. 

The method proposcd by Mr. Coley does not 
take into account the size or shape of the par- 
cel of land, which would have a large bearing 
on the light courts and rentable area. My 
point is, however, that even though his assump- 
tions are based upon experience and careful 
observation and are as close as they could be 
figured in advance, they are, after all, only 
approximations, and their combination in the 
manner set forth by Mr. Coley does not seem 
conducive of results of much value. 


New York. G. W. Wo corr. 


Valuation of Steam Railroads 


Dear Sir: The two articles entitled “Valu- 
ation of Steam Railroads” appearing in the 
Engineering Record of June 14 and 21, and 
abstracted from a paper by Mr. William J. 
Wilgus, M. Am. Soc. C. E., certainly de- 
serve creditable mention and should be widely 
read. 

From the standpoint of one who has ex- 
perienced the tendency of state appraisals 
covering steam railroad and other public util- 
ity properties the presentment of Mr. Wilgus 
is clear, frank and sound. Although some of 
the matters are debatable, and in some in- 
stances others will disagree more or less with 
the arguments. presented, especially in view 
of the impending important work of the ap- 
praisal board of the Interstate Commerce 
Commission, the paper will lead to a very 
thorough perusal and weighing of each im- 
portant step. Certainly Mr. Wilgus has at- 
tacked the important questions in a fair, 


equitable manner and whatever differences in 
opinion may be evolved the consequent dis- 
cussion and study should be undertaken in the 
same spirit. As he says, the work of evalu- 
ating the steam-railroad properties of the 
United States is a very great task, and the 
results may be of great importance. Consid- 
ering the task, unbiased facts, mature judg- 
ment and equity to all parties should be the 
slogan. Articles such as that of Mr. Wilgus 
will certainly assist in securing the proper 
consideration of the many problems involved. 
K,. CG. Hurp; 
Engineer, Nebraska State 
Railway Commission. 
Lincoln, Neb. 


Wearing Qualities of Concrete 
Floor Surface 


Dear Sir: Replying to F. W., of Montgom- 
ery, Ala., in re cement floors in the June 21st 
issue of the Engineering Record, it looks to 
me as if a very young architect or a cement 
salesman had written the specifications for 
the floor of which I. W. speaks, as in four 
years’ experience on floor and sidewalk work 
I never knew an engineer to specify a richer 
mixture than I part cement to I part stone 
or sand, and that was generally considered 
among the sidewalk contractors to be bad 
practice. 

My own experience has been that the best 
results were obtained from a mixture of 1 
part cement and 2 parts stone screenings and 
stone dust mixed, the stone, of course, being 
some hard variety such as granite or trap. 
I have in mind particularly one floor laid in 
a paper warehouse which after two years’ 
use was shiny. 

Cement in excess of that necessary to fill 
the voids in the stone only causes crazing. 

I should think that 20 x 30-ft. panels would 
make a better division than 30 x 40, and 
that a I-in. top is just as good as 1% in, 
besides being 20 per cent cheaper. 

If the top is placed within half an hour 
after the base is laid there would be no trouble 
with the bond with a 1:2 top; with the one 
specified there might be, but I should think 
it doubtful. 

From personal observation of several 
hundred jobs I think that most, if not all, of 
the cases of the top coat separating from 
the base are caused, by putting in the base 
too dry, allowing the base to set before apply- 
ing the top, getting sand or other foreign mat- 
ter on the base before applying the top, thus 
ruining the bond between the two layers, and 
finally making a sand joint in the base and 
not cutting the top through. 

The writer laid about 3500 lin. ft. of con- 
crete road from 8 to 12 ft. wide with 1:3 :6 
base and 1:2 sand top, and had absolutely no 
trouble with it. This was laid in sections 30 
ft. long, with a I-in. cypress expansion strip 
every 30 ft. Six months after laying there 
was no sign whatever of any separation be- 
tween base and top. 

On this job the base was laid very wet and 
put into place with a shovel, no tamping 
whatever being done. The top was often laid 
not more than fifteen minutes after the base 
was placed, and was also very wet. It was 
floated with a wooden float as soon as pos- 
sible and then covered with 1 or 2 in. of sand, 
which was left on for at least a week, and 
frequently wet. 

Cuarites H. JOHNSON, 
Superintendent and Foreman, 
Public Works Department. 
Guantanamo, Cuba. 
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Code of Ethics of the Pacific North- 
west Society of Engineers 


Dear Sir: The writer has read with a 
great deal of interest and with hearty ap- 
proval the code of professional ethics recently 
adopted by the Pacific Northwest Society of 
Engineers and printed in the Engineering 
Record of July 12, page 50. Evidently the en- 
gineering millennium is approaching in the 
United States from the West. It is to be 
hoped that every member of the Pacific North- 
west Society will live up to this code in full, 
for it will certainly add much to the effective- 
ness as well as to the pleasure of engineering 
practice in that part of the country. It will 
be very hard, however, not to criticise ad- 
versely a brother engineer’s plans, especially 
when a good fee is in sight, and it might be 
well to guard especially that provision of the 
code. This tendency, together with the more 
pernicious one of underbidding, is, in the 
writer’s opinion, the most harmful in the pro- 
fession, but both are common, and always 
will be to some extent, as they are in other 
professions. Every effort should be made to 
check both and some form of penalty should 
be provided for violation. In this regard the 
code is lacking. 

How is the code to be enforced? Indeed, 
how is any measure determined by a majority 
of the profession to be enforced, as the pro- 
fession now is, with no status in law and no 
legal requirements for practice? We may 
turn an offender out of our societies, frown 
upon him ourselves, but he can go right on 
with his nefarious practice, injuring the repu- 
tation of the profession. Does not this view 
of the matter emphasize again the need of 
some form of license law? Any form of pro- 
fessional ethics we may adopt is empty indeed 
unless backed up by some form of statute 
law, which can be used to prevent further 
practice by those who violate. 

Down in Mississippi recently a lawyer ac- 
quaintance of mine was disbarred for unpro- 
fessional practice. If he had been an engi- 
neer he could have committed an offense 
equally as heinous, and, save for censure from 
his professional brethren, he would have suf- 
fered small inconvenience. Nothing can be 
done to enforce professional ethics until we 
have some form of engineering law. 

The writer would like to suggest an addition 
to the code of ethics, and this in the interest 
of the dignity of the profession. It is that 
the members of the society agree not to enter 
into any competitive contest in supplying 
plans. The writer has taken part in several 
farces of this kind, and he believes this foolish 
practice is responsible for the failure of many 
engineering structures. At the present time 
he has on file a set of plans for a small bridge. 
The bridge commissioners met and under the 
persuasion of contractors agreed to have com- 
petitive plans. The writer argued in vain 
that this really was no competition, as not a 
member of the commission knows one thing 
about bridge design. The engineers entered 
into it eagerly. The commissioners failed to 
see that as the writer was upon salary and got 
no fee for his plans he had no inducement to 
cut the bridge to dangerous limits, while the 
scheme adopted offers every temptation to 
others to do that very thing, 

A few years ago the writer was called in a 
consulting capacity to aid a building commit- 
tee, composed mostly of lawyers, to select a 
plan from a number offered for a large build- 
ing. To his amusement, as each engineer pre- 
sented his plans, the chairman of the com- 
mittee informed him that his plans would not 


be considered unless he would furnish bond 
that his building could be constructed within 
the specified sum. Some of the engineers re- 
fused to acquiesce and withdrew. The writer 
tried to make the folly of it clear by asking 
the lawyers if they would give bond guaran- 
teeing to win a case committed to their care; 
but all to no purpose. An engineer was at 
length found who agreed to do this thing for 
them. 

How is the profession to be got rid of such 
nonsense and the public brought to regard and 
treat it as a real profession without a license 
law? If someone will propose a better plan, 
the writer will gladly accept it. Let us have 
something that will work and not be an empty 
form of agreement upon paper. 

Lebanon, Tenn. Watter H. DRANE. 


Comparison of Egg-Shaped and 
Circular Sewers 


Dear Sir: Sanitary engineers adopt egg- 
shaped sewers in preference to circular- 
shaped sewers generally because of the 


hydraulic advantage of the egg-shaped sewer 
when carrying relatively small quantities of 
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Hydraulic Comparison of Equivalent Egg- 
Shaped and Circular Sewers 


Kutter’s formula, » = 0.013; s = 0.001; 50 x 75-in. egg 
equivalent to 4.985-ft. circular. 


All rights to the above drawing are reserved by the au- 
thors, to whom application should be made for permission 
to reproduce it. 


sewage. This advantage and that of a nar- 
rower trench must overbalance the advantage 
of the circular sewer in strength, economy of 
section, and depth of cut. 

The accompanying diagram is a hydraulic 
comparison of a 50 x 75-in. egg-shaped sewer 
with the circular-shaped sewer of equivalent 
capacity when both are flowing full on a 0.1 
per cent grade, their common friction factor 
being 0.013. While this is a particular case, 
the hydraulic ratio will hold true for all prac- 
tical purposes throughout a considerable range 
of conditions. The curves V~_ and Ve give 
the velocities of equal quantities of sewage 
flowing in the two types of sewers. They are 
expressed in terms of the velocity of the sew- 
age in the circular-shaped sewer when flow- 
ing full. The curve R gives the relative 
velocities of the same proportional quantities 
of sewage flowing in the egg and circular- 
shaped sewers. 

We believe that this comparison is much 
less to the advantage of the egg-shaped sew- 
ers than engineers have generally supposed. 

Sewer Division, O. L, ELriInce, 

Kansas City, Mo. R. S. BEArRp. 


Micro-Organisms in Water 


Dear Sir: The writer is much interested in 
the letters appearing in the Engineering Rec- 
ord of June 14, page 676, and July 12, page 
56, concerning filter troubles from micro- 
organisms at the Evansville and Moline filter 
plants. Similar troubles of clogging of the 
sand, causing short filter runs and the presence 
of odors have occurred for periods of varying 
length each spring and summer at the Louis- 
ville filter plant for the last four years. 

Frequent microscopical examinations of the 
water are made during these periods and we 
find that the diatoms are always the chief 
offenders with melosira, synedra and asterio- 
nella predominating. During these periods 
there is usually a large amount of amorphous 
matter present in the water, which probably 
tends to cement the sand grains and promote 
clogging. At Louisville this clogging has sev- 
eral times shortened the periods of filter serv- 
ice to one and a half hours. One application 
of 1.5 parts per million of copper sulphate in 
one of the settling basins of two days’ capacity 
will usually relieve the trouble and give an in- 
crease in filter service. The odors are not 
troublesome, as they occur only in the raw 
water and are never noticeable in the filtered 
water. 

The one bad feature in the use of copper 
sulphate is the aftergrowth, or large increase 
in bacteria in the water resulting from its use. 
We have experienced increases frequently 
from about 500 bacteria per cubic centimeter 
in the water before treatment to 200,000 in the 
same water twenty-four hours after treatment, 
and it is usually four or five days before the 
bacteria decrease again to normal. The bac- 
teria’ present in this aftergrowth are always of 
the ordinary harmless water forms, with very 
seldom even evidence of colon forms. How- ~ 
ever, the presence of abnormally large numbers 
of bacteria, even though no intestinal forms 
accompany them, spoils the records of a plant 
and is rather difficult of explanation to the 
ordinary citizen. For these reasons I would 
advise that, wherever possible, the copper 
treatment be followed by the application of 
hypochlorite to offset the bacterial increase due 
to the former. 

W. H. Lovejoy. 

Crescent Hill Filters, 

Louisville, Ky. 


Raising the Assuan Dam 


Dear Sir: We read with considerable in- 
terest your article on the Assuan Dam, but are 
sorry to note that you only give the name of 
Messrs. John Aird & Company in connection 
with the contract. 

We would inform you, however, that we 
received the contract direct from the Egyp- 
tian Government for the alteration of the met- 
alwork involved by the heightening of the 
dam, and also the provision of two new lock 
gates, the swingbridge and various other items 
mentioned in your article. 

Might we ask you to kindly notice this fact 
in your next issue? 

Ransomes & Rapier, Ltp., 
Wilfrid Stokes, 
Chairman and Managing Director. 
London, England. 


HicHway Inspecrors in the Philippines 
cover the work in their respective districts on 
motorcycles. The scheme is said to be satis- 
factory, enabling the inspectors to make more 
frequent visits to various jobs. 


